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BIBLIOGRAPHY  OF  NORTH  AMERTCMSeOLOGY  FOR 

1914,  WITH  SUBJECT  INDEX;     . 


By  John  M.  Nigkles. 


INTRODUCTION. 

The  bibliography  of  North  American  geology,  including  paleon- 
tology, petrology,  and  mineralogy,  for  the  year  1914  follows  the 
plan  and  arrangement  of  its  immediate  predecessors,  the  bibliogra- 
phies for  1906-7,  1908, 1909,  1910, 1911, 1912,  and  1913  (Bulletms  372, 
409,  444,  495,  524,  545,  and  584  of  the  U.  S.  Geological  Survey).  It 
includes  publications  bearing  on  the  geology  of  the  Continent  of  North 
America  and  adjoining  islands;  also  Panama  and  the  Hawaiian 
Islands.  Papers  by  American  writers  on  the  geology  of  other  parts 
of  the  world  are  not  included.  Textbooks  and  papers  general  in 
character  by  American  authors  are  included;  those  by  foreign 
authors  are  excluded  unless  they  appear  in  American  pubUcations. 

As  heretofore,  the  papers,  with  full  title  and  medium  of  publica- 
tion and  explanatory  note  when  the  title  is  not  fully  self-explana- 
tory, are  listed  under  the  authors,  arranged  in  alphabetic  order. 
The  author  list  is  followed  by  an  index  to  the  literature  listed.  In 
this  index  the  entries  in  one  alphabet  are  of  three  kinds — first,  sub- 
ject, with  various  subdivisions,  to  enable  the  specialist  to  ascertain 
readily  all  the  papers  bearing  on  a  particular  subject  or  area;  sec- 
ond, titles  of  papers,  many  of  them  abbreviated  or  inverted,  under 
their  leading  words;  and  third,  cross  references,  which  have  been 
freely  used  to  avoid  too  much  repetition.  The  subjects  have  been 
printed  in  black-faced  type,  the  titles  of  papers  and  cross  references 
in  ordinary  type.  As  it  may  not  be  always  obvious  which  subject 
headings  have  been  adopted,  a  classified  scheme  of  those  used  imme- 
diately precedes  the  index. 

Miss  Isabel  P.  Evans  has  given  efficient  assistance  in  the  work. 

The  bibliography  of  North  American  geology  is  comprised  in  the 
following  bulletins  of  the  United  States  Geological  Survey:  No.  127 
(1732-1892);  Nos.  188  and  189  (1892-1900);  No.  301  (1901-1905); 
No.  372  (1906-7);  No.  409  (1908);  No.  444  (1909);  No.  495  (1910); 
No.  524  (1911);  No.  545  (1912);  No.  584  (1913);  and  No.  617  (1914). 
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SERIALS  EXAMINED. 


Academy  of  Natural  Sciences  of  Philadelphia:  Proceedings,  vol.  63,  pt.  3;  vol.  66, 

pts.  1,  2.    Philadelphia,  Pa. 
Academy  of  Science  of  St.  Louis:  Transactions,  vol.  22,  nos.  5,  6;  vol.  23,  nos.  1,  2. 

St.  Louis,  Mo. 
Alabama  Geological  Survey:  Bulletin,  no.  14.    Montgomery,  Ala. 
American  Academy  of  Arts  and  Sciences:  Proceedings,  vol.  49,  nos.  11,  12;  vol.  50, 

nos.  1-6.    Boston,  Mass. 
American  Geographical  Society:  Bulletin,  vol.  46.    New  York. 
American  Institute  of  Mining  Engineers:  Bulletin,  nos.  85-96;  Transactions,  vols.  45, 

46,47.    New  York. 

American  Journal  of  Science,  4th  ser.,  vols.  37,  38.    New  Haven,  Conn. 

American  Mining  Congress:  16th  Ann.  Session;  Report  of  Proceedings.    Denver, 

Colo. 
American  Museum  of  Natural  History:  Bulletin,  vol.  33;  Journal,  vol.  14.  New  York. 

American  Naturalist,  vol.  48.    New  York. 

American  Philosophical  Society:  Proceedings,  vol.  53,  nos.  213-215.  Philadelphia, 
Pa. 

Annales  de  Pal^ntologie,  t.  9,  fas.  1,  2.    Paris,  France. 

Annales  des  Mines,  11*  s^r.,  t.  5, 1.  1-4.    Paris,  France. 

Annals  and  Magazine  of  Natural  History,  8th  ser.,  vols.  13,  14.    London. 

Appalachia,  vol.  13,  no.  2.    Boston,  Mass. 

Association  of  Engineering  Societies:  Journal,  vols.  52,  53.    Boston,  Mass. 

Beitrgge  zur  Geophysik,  Bd.  13,  H.  3-4.    Leipzig,  Germany. 

Bemice  Pauahi  Bifihop  Museum:  Occasional  Papers,  vol.  5,  no.  5;  vol.  6,  no.  1. 
Honolulu,  Hawaiian  Islands. 

Boston  Society  of  Natural  History:  Proceedings,  vol.  35,  no.  1.    Boston,  Mass. 

Botanical  Gazette,  vols.  57,  58.    Chicago,  111. 

British  Columbia,  Bureau  of  Mines;  Bulletin,  no.  1;  Annual  Report  of  the  Minister  of 
Mines  for  1913.    Victoria,  B.  C. 

Buffalo  Society  of  Natural  Science:  Bulletin,  vol.  11,  no.  1.    Buffalo,  N.  Y. 

Bulletins  of  American  Paleontology,  no.  24.    Ithaca,  N.  Y. 

California  Academy  of  Sciences:  Proceedings,  4th  ser.,  vol.  2,  pp.  203-274;  vol.  4, 
pp.  15-160.    San  Francisco,  Cal. 

California  State  Mining  Bureau:  Bulletin,  nos.  65,  66,  67.    San  Francisco,  Cal. 

California,  University  of.  Department  of  Geology:  Bulletin,  vol.  7,  nos.  24,  25;  vol. 
8,  nos.  1-12,  14-19.  Publications  in  Geography:  vol.  1,  nos.  3,  5,  6,  7.  Seis- 
mographic  Stations:  Bulletin,  nos.  5-8.    Berkeley,  Cal. 

Canada,  Department  of  Mines,  Mines  Branch:  Summary  Report  for  1913;  and  mis- 
cellaneous publications.    Ottawa,  Out. 

Canada,  Geological  Survey:  Memoirs,  nos.  19,  20,  22,  25,  26,  32,  36,  38,  39-44,  47,  48, 
51-^,  58, 60y  61  (2d  ed.)»  67.  Museum  Memoirs,  nos.  2-8.  Prospector's  Hand- 
book, no.  1.    Summary  Report  for  1912  and  for  1913.    Ottawa,  Ont. 

Oanadian  Mining  Institute:  Bulletin,  nos.  21,  23-25;  Monthly  Bulletin,  nos.  26-32; 
Transactions,  vol.  16.    Ottawa,  Ont. 

Canadian  Mining  Journal,  vol.  35.    Toronto  and  Montreal,  Canada. 
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Canadian  Peat  Society:  Journal,  vol.  3.    Ottawa,  Ont. 

Canadian  Record  of  Science,  vol.  9,  no.  6.    Montreal,  Canada. 

Carnegie  Institution  of  Waflhington:  Yearbook  no.  12,  for  1913.    Washington,  D.  C. 

Carnegie  Museum:  Annals,  vol.  9,  nos.  1-2;  Memoirs,  vol.  3,  no.  2;  vol.  6,  nos.  4-6. 

Pittsbuigh,  Pa. 
Centralblatt  fOr  Mineralogie,  Geologie,  und  Paleontologie,  Jahigang  1914,  nos.  1-13. 

Stuttgart,  Germany. 
Chicago  Academy  of  Sciences:  Bulletin,  vol.  3,  nos.  6, 10;  vol.  4,  nos.  1,  2.    Chicago, 

111. 
Cincinnati  Society  of  Natural  History:  Journal,  vol.  21,  no.  4.    Cincinnati,  Ohio. 
Coal  Age,  vols.  5,  6.    New  York. 

Colliery  Engineer,  vol.  34,  nos.  6-12;  vol.  35,  nos.  1-5.    Scranton,  Pa. 
Colorado  C/ollege  Publications:  Science  series,  vol.  12,  no.  13.    Colorado  Springs,  Colo. 
Colorado  Geological  Survey:  Bulletin  7.    Denver,  Colo. 
Colorado  School  of  Mines:  Magazine,  vol.  4;  Quarterly,  vol.  8,  no.  4;  vol.  9,  nos.  1-3. 

Golden,  Colo. 
Colorado  Scientific  Society:  Proceedings,  vol.  10,  pp.  415-452;  vol.  11,  pp.  1-28. 

Denver,  Colo. 
Colorado,  University  of:  Studies,  vol.  10,  no.  4;  vol.  11,  nos.  1-3.    Boulder,  Colo. 
Connecticut  Academy  of  Arts  and  Sciences:  Transactions,  vol.  18,  pp.  209-224,  291- 

345.    New  Haven,  Conn. 
Davenport  Academy  of  Sciences:  Proceedings,  vol.  13,  pp.  1-46.    Davenport,  Iowa. 
Delaware  County  Institute  of  Science:  Proceedings,  vol.  7,  no.  1.    Media,  Pa. 
Denison  University,  Scientific  Laboratories:  Bulletin,  vol.  17,  pp.  247-487.    Gran- 
ville, Ohio. 
Deutsche  geologische  Gesellschaft:  Monatsberichte,  Bd.  65,  No.  8-12;  Bd.  66,  No. 

1-3.    Zeitschrift,  Bd.  65,  H.  4;  Bd.  66,  H.  1.    Berlin,  Germany. 
Economic  Geology,  vol.  9.    Lancaster,  Pa. 
Elisha  Mitchell  Scientific  Society:  Journal,  vol.  29,  nos.  3,  4;  vol.  30,  nos.  1,  2. 

Chapel  Hill,  N.  C. 
Engineering  Association  of  the  South:  Proceedings,  vol.  25.    Nashville,  Tenn. 
Engineering  and  Mining  Journal,  vols.  97,  98.    New  York. 
Engineering  Magazine,  vol.  46,  nos.  4-6;  vol.  47;  vol.  48,  nos.  1-3.    New  York. 
Engineers'  Club  of  Philadelphia:  Proceedings,  vol.  31.    Philadelphia,  Pa. 
Engineers'  Society  of  Western  Pennsylvania:  Proceedings,  vol.  29,  no.  10;  vol.  30, 

nos.  1-9.    Pittsbuigh,  Pa. 
Field  Museum  of  Hatural  History:  Geological  series,  vol.  5,  no.  1.    Chicago,  111. 
Florida  State  Geological  Survey:  Sixth  Annual  Report.    Tallahassee,  Fla. 
Franklin  Institute:  Journal,  vols.  177, 178.    Philadelphia,  Pa. 
Geographic  Society  of  Chicago:  Bulletin,  no.  5.    Chicago,  III. 
Geographical  Journal,  vols.  43,  44.    London. 

Geographical  Society  of  Philadelphia:  Bulletin,  vol.  12.    Philadelphia,  Pa. 
Der  Gwloge,  nos.  12, 13.    Leipzig,  Germany. 
Geological  Magazine,  new  ser.,  decade  6,  vol.  1.    London. 
Geological  Society  of  America:  Bulletin,  vol.  25.    New  York. 
Geological  Society  of  London:  Quarterly  Journal,  vol.  69,  pt.  4;  vol.  70.    London. 
Geologische  Rundschau,  Bd.  5.    Leipzig,  Germany. 
Geologists'  Association  of  London:  Proceedings,  vol.  25.    London. 
Georgia  Geological  Survey:  Bulletin,  no.  29.    Atlanta,  Ga. 
Harvard  College,  Museum  of  Comparative  Zoology:  Bulletin,  vol.  55,  no.  3;  vol.  56 

(Geol.  ser.  vol.  10),  no.  2;  vol.  57,  no.  3;  vol.  58,  nos.  2-11;  Memoirs,  vol.  44, 

no.  2;  vol.  46,  no.  1.    Cambridge,  Mass. 
Illinois  Academy  of  Science:  Transactions,  vols.  5,  6.    Springfield,  111. 
Illinois  State  Geological  Survey:  Bulletin,  nos.  21,  22,  24,  28.    Urbana,  111. 
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Illinoia  State  Laboratory  of  Natural  Histoxy :  Bulletin,  vol.  10,  arts.  3-5;  Monograph  1; 

Urbana,  111. 
Imi>erial  Earthquake  Investigation  Committee:  Bulletin,  vol.  6,  nos.  2, 3;  vol.  7,  no.  1, 

vol.  8,  no.  1.    Tokyo,  Japan. 
Indiana  Academy  of  Science:  Proceedings  for  1913.    Indianapolis,  Ind. 
Indiana,  Department  of  Geology  and  Natural  Resources:  37th  and  38th  Annual 

Reports.    Indianai>olis,  Ind. 
Indiana  University  Studies,  nos.  19,  22.    Bloomington,  Ind. 
Institution  of  Mining  and  Metallurgy:  Bulletin,  nos.  112-124;  Transactions,  vol.  22. 

London. 
Institution  of  Mining  Engineers:  Transactions,  vol.  46,  pts.  2-5;  vol.  47;  vol.  48,  pts. 

1-2.    Newcastle  upon  Tyne,  England. 
International  Geological  Congress:  Compte-rendu  de  la  XI P  Session,  Canada.  1913. 
Iowa  Academy  of  Sciences:  Proceedings,  vols.  20,  21.    Des  Moines,  Iowa. 
Iowa  Geological  Survey:  Annual  Report,  vols.  23,  24.    Des  Moines,  Iowa. 
Johns  Hopkins  University:  Circular,  1914,  nos.  1-10.    Baltimore,  Md. 
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Journal  of  Geology,  vol.  22.    Chicago,  111. 

Kansas  Academy  of  Sciences:  Transactions,  vols.  25,  26.    Topeka,  Elans. 
Kansas  University  Geological  Survey:  Bulletin,  no.  1.    Lawrence,  Kans. 
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no.  14-15,  pp.  389-396,  4  figs.,  March,  1913. 

589.  The  dinosaurs  not  a  natural  order:  Am.  Jour.  Sci.,  4th  ser.,  vol.  38,  pp.  145- 
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597.  Erosion  and  sedimentation  in  Chesapeake  Bay  around  the  mouth  of  Choptank 

River  [Maryland]:  U.  S.  Geol.  Survey,  Prof.  Paper  9a-B,  pp.  7-15,  1  pi. 
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pp.  209-228,  12  figs.,  1914. 

605.  Igneous  rocks  and  their  origin,  by  Reginald  Aldworth  Daly;  review:  Science. 

new  ser.,  vol.  40,  pp.  710-715,  November  13,  1914. 

606.  The  study  of  igneous  rocks:  Australasian  Assoc.  Adv.  Sci.,  Rept.  Twelfth 

Meet.,  Brisbane,  1909,  pp.  265-282,  1910. 
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their  bearing  on  the  mode  of  deposition  of  coal  (abstract):  Geol.  Soc. 
America,  Bidl.,  vol.  25,  no.l,  p.  58,  March  30,  1914. 
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626.  Geology  of  Lake  Simcoe  area,  Ontario;  Beaverton,  Sutton,  and  Banie  sheets: 

Canada  Geol.  Survey,  Summ.  Rept.,  1912,  pp.  294-300,  1914. 
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Economic  geology  of  the  region  around  MuUan,  Idaho,  and  Saltese,  Montana. 
See  Calkins  and  Jones,  no.  192. 

Jones,  J.  Claude. 

628.  The  tufa  deposits  of  the  Salton  Sink:  Csmegie  Ipst.  Washington,  Pub.  no. 

193  (MacDougal,  The  Salton  Sea),  pp.  79-83,  1914. 

629.  The  geologic  history  of  Lake  Lahontan  [Nevada]:  Science,  new  ser.,  vol.  40, 
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pp.  23-38, 1  pi.,  July '25, 1914. 

Katz,  Frank  J. 
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Keele,  J. 
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1272.  Tho  interpretation  of  mineral  analyses:  Washington  Aca<l.  S<!i.,  Jour.,  vol. 

3,  no.  15,  pp.  416-423,  September  19,  1913. 

1273.  Klc<!tric  a<"tivity  in  ore  deposits:  U.  S.  Gool.  Survey,  Bull.  548,  78  pp.,  7 
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WeUh,  Norval  J. 

1274.  Tho  Organ  Mountain  district  [New  Mexico]:  Eng.  and  Min.  Jour.,  vol.  98, 

no.  8,  pp.  331-334,  2  figs.,  map,  August  22,  1914. 

Weston,  W. 

1275.  Tho  Yampacoal  field  of  Routt  County,  Colorado,  on  the  lino  ...  of  the 

Denver  and  Salt  liUke  Railroad  (Moffat  Road).     Report  on  the  above. 
(12  j)p.,  map,  1914  edition. 
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West  Virginia  Qeological  Survey. 

1276.  Map  of  West  Virginia  showing  coal,  oil,  gas,  iron  ore,  and  limestone  areas. 

Scale:  8  miles  to  the  inch.    1914. 
A  revision  of  the  map  of  1913. 

Wheeler,  H.  A. 

1277.  The  Illinois  oil  fields:  Am.  Inst.  Min.  Eng.,  Bull.  no.  89,  pp.  881-912,  4 

figs.,  May,  1914;  Trans.,  vol.  48,  pp.  53.V5r,3,  4  figs.,  1915. 

Wheeler,  W.  C. 

The  composition  of  crinoid  skeletons.     See  Clarke  and  Wheeler,  no.  241. 

Wherry,  Edgar  T. 

1278.  Camotite  near  Mauch  Chunk,  Pennsylvania:  U.  S.  Geol.  Survey,  Bull.  580, 
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1279.  Variations  in  the  compositions  of  minerals:  Washington  Acad.  Sci.,  Jour., 

vol.  4,  no.  5,  pp.  111-114,  March  4, 1914. 

1280.  Mineral  nomenclature:  Science,  new  ser.,  vol.  39,  pp.  575-^77,  April  17, 

1914. 

1281.  Notes  on  wolframite,  beraunite,  and  axinite:  U.  S.  Nat.  Mus.,  Proc.,  vol.  47, 

pp.  501-511,  ()ctr)ber  24,  1914. 

1282.  The  occurrence  of  camotite  in  eastern  Pennsylvania  (abstract):  Washington 

Acad.  Sci.,  Jour.,  vol.  4,  no.  11,  p.  296,  June  4,  1914. 

White,  David. 

1283.  Resins  in  Paleozoic  plants  ajid  in  coals  of  high  rank:  U.  S.  Geol.  Survey, 

Prof.  Paper  85,  pp.  65-83,  6  pis.,  March  25,  1914;  (abstract),  Washington 
Acad.  Sci.,  Jour.,  vol.  4,  no.  9,  p.  225,  May  4,  1914. 

1284.  Resins  in  Paleozoic  coals  (abstract):  Washington  Acad.  Sci.,  Jour.,  vol.  4, 

no.  1,  p.  10,  January  4,  1914. 

White,  David  and  Thiessen,  Reinhardt. 

1285.  The  origin  of  coal:  U.  S.  Bur.  Mines,  Bull.  38,  390  pp.,  54  pis.,  1913. 

White,  I.  C. 

1286.  Introduction  [to  the  history  and  physiography  of  Kanawha  County,  West 

Virginia]:  West  Virginia  Geol.  Survey,   Kanawha  County,  pp.  xvii- 
xxviii,  1914. 

1287.  Deepest  boring  in  West  Virginia  (abstract):  Geol.  Soc.  America,  Bull.,  vol. 

25,  no.  1,  p.  48,  March  30, 1914. 

White,  James. 

1288.  Alfred  E.  Barlow:  Canadian  Min.  Inst.,  Monthly  Bull.,  no.  27,  pp.  51-54, 

July,  1914. 

Whitehead,  W.  L. 

A  deposit  of  jamesonite  near  Zimapan,  Mexico.     See  Lindgron  and  White, 
head,  no.  754. 

Whitford,  A.  C. 

1289.  On  a  new  fossil  fungus  from  the  Nebraska  Pliocene:  Nebraska  Univ.  Studies, 

vol.  14,  no.  2,  pp.  181-183,  2  pis.,  April,  1914. 
Describes  Cladn»porites  liffni-perditor  n.  sp. 

Whitman,  Alfred  R. 

1290.  Notes  on  the  copper  ores  at  Ely,  Nevada:  California,  Univ.,  Dept.  (leology. 

Bull.,  vol.  8,  no.  17,  pp.  309-318,  2  pis.,  December  5, 1914. 
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Whitney,  Milton,  and  others. 

1291.  Field  operations  of  the  Bureau  of  Soils,  1911.    TJ.  S.  Dept.  Agr.,  Bur.  Soils, 

Thirteenth  Report.    2356  pp.,  27  pis.,  61  figs.,  and  50  scnl  maps  (in 
separate  case).    Washington,  1914. 
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Mobile  County,  pp.  85{M96. 
Randolph  County,  pp.  897-032. 
Tuscaloosa  County,  pp.  033-1002. 
Arkansas,  Oxark  region,  reconnaissance  survey,  pp.  1727-1873. 
Connecticut,  Windham  County,  pp.  60-03. 
Georgia,  Chatham  County,  pp.  563-602. 
Columbia  County,  pp.  645-687. 
Qlynn  County,  pp.  503-643. 
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Shawnee  County,  pp.  2060-2005. 
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Missouri,  Franklin  County,  pp.  1603-1633. 
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PUitte  County,  pp.  1701-1725. 
Nebraska,  western,  reconnaissance  survey,  pp.  1875-1  WO. 
New  Jersey,  Sussex  area,  pp.  320-386. 
New  York,  Jefferson  County,  pp.  05-173. 
North  Carolina,  Johnston  County,  pp.  431-478. 

Richmond  County,  pp.  387-430. 
Oregon,  Med  ford  area,  pp.  2287-2356. 
Pennsylvania,  Bedfortl  County,  pp.  175-230. 
Bradford  County,  pp.  231-267. 
northeastern,  reconnaissance  sur^^ey ,  pp.  260-327. 
South  Carolina,  Fairfield  County,  pp.  470-511. 

Georgetown  County,  pp.  513-562. 
Texas,  southwest,  reconnaissance  survey,  pp.  1175-128.'i. 
Washington,  Quincy  area,  pp.  2227-2286. 

southwestern,  reconnaissance  survey,  pp.  2007-2226. 
West  Virginia,  Huntington  area,  pp.  1287-1326. 
Morgantown  area,  pp.  1327-1364. 
Wisconsin,  Columbia  County,  pp.  1365-1421. 

Fond  du  Lac  County,  pp.  1423-1461. 
Juneau  County ,  pp.  1463-1512. 
Kewaunee  County,  pp.  1513-1550. 
La  Crosse  County,  pp.  1561-1601. 
Widchaxn,  H.  F. 

1292.  New  Miocene  Coleoptora  from  Florissant:  Harvard  Coll.,  Mus.  Comp.  Zool., 

Bull.,  vol.  58,  no.  11,  pp.  423-494,  16  pis.,  December,  1914. 

Wieland,  G.  K. 

1293.  On  the  dinosaur-turtle  analogy:  R.  Accad.  Sci.  Ist.  Bologna,  C\.  So.  Fis., 

Mem.,  uer.  6,  t.  9,  pp.  297-300,  1912. 

1294.  Further  notes  on  Ozarkian  seaweeds  and  oolites:  Am.  Mus.  Nat.  Hist., 

Bull.,  vol.  33,  pp.  237-260,  6  pis.,  2  figs.,  1914, 
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Wieland,  G.  R.— <k>ntinued. 
1296.  A  study  of  some  American  fossil  cycads;  Part  VII,  Further  not«8  on  disk 
structure:  Am.  Jour.  Sci.,  4th  ser.,  vol.  38,  pp.  117-136,  9  figs.,  August, 
1914. 

1206.  Was  the  Pterophyllum  foliage  transformed  into  the  leafy  blades  of  dicotyls?: 

Am.  Jour.  Sci.,  4th  ser.,  vol.  38,  pp.  451-460,  3  figs.,  November,  1914. 
Cordaitean  wood  from  the  Indiana  black  shale.    See  Elkins  and  Wieland, 
no.  386. 

Wilder,  Frank  A. 

1207.  The  gypsum  resources  of  the  Southern  States  (abstract):  Science,  new  ser., 

vol.  39,  p.  400,  March  13,  1914. 

Williams,  Uenry  S. 

Description  of  the  Eastport  quadrangle,  Maine.    See  Bastin  and  Williams, 
no.  60. 

Williamfl,  Ira  A. 

1208.  The  occurrence  of  coal  in  Squaw  Creek  Basin,  Coos  County,  Oregon:  Oregon 

Bur.  Mines  and  Geol.,  Mineral  Resources  of  Oregon,  vol.  1,  no.  1,  pp. 
28-^8,  3  pis.,  1  sketch  map,  January,  1914. 
1200.  Limestone  deposits  in  Oregon:  Oregon  Bur.  Mines  and  Geol.,  Mineral  Re- 
sources of  Oregon,  vol.  1,  no.  7,  pp.  62-70,  November,  1914. 

Williams,  Merton  Y. 

1300.  Arisaig-Antigonish  district.  Nova  Scotia:  Canada  Geol.  Survey,  Mem.  60, 

173  pp.,  2  maps  (in  pocket),  1914. 

1301.  The  Silurian  of  Manitoulin  Island  and  western  Ontario:  Canada  Geol.  Sur- 

vey, Summ.  Rept.  1912,  pp.  275-281,  1914. 

1302.  Thedford  and  vicinity,  Ontario:  Canada  Geol.  Survey,  Summ.  Rept.  1912, 

pp.  282-285,  1914. 

1303.  Stratigraphy  of  the  Niagara  escarpment  of  southwestern  Ontario:  Canada 

Geol.  Survey,  Summ.  Rept.  1913,  pp.  178-188,  2  figs.,  1914. 

1304.  Sections  illustrating  the  lower  part  of  the  Silurian  system  of  southwestern 

Ontario  (abstract):  Geol.  Soc.  America,  Bull.,  vol.  25,  no.  1,  pp.  40-41, 
March  30,  1914. 

WillianiB,  Stephen  R. 

1305.  A  starfish  found  in  the  Whitewater  division  of  the  Richmond  on  Blue  Creek, 

Adams  County,  Ohio:  Ohio  Naturalist,  vol.  14,  no.  3,  pp.  221-224,  2 
figs.,  January,  1914. 

WilliBton,  Samuel  Wendell. 

1306.  Water  reptiles  of  the  past  and  present,    vii,  251  pp.,  131  figs.    Chicago,  The 

University  of  Chicago  Press,  1914. 

1307.  Broiliellus,  a  new  genus  of  amphibians  from  the  Permian  of  Texas:  Jour. 

Geology,  vol.  22,  no.  1,  pp.  49-56,  3  figs.,  January-February,  1914. 

1308.  Restorations  of  some  American  Permocarbonifcrous  amphibians  and  rep- 

tiles: Jour.  Geology,  vol.  22,  no.  1,  pp.  57-70,  11  figs.,  1914. 
1300.  The  osteology  of  some  American  Permian  vertebrates:  Jour.  Geology,  vol. 
22,  no.  4,  pp.  364-419,  19  figs.,  May-^June,  1914;  Walker  Mus.,  Contr., 
vol.  1,  no.  8,  pp.  107-162,  19  figs.,  1914. 

1310.  The  American  land  vertebrate  fauna  and  its  relations  (abstract):  Science, 

new  ser.,  vol.  40,  pp.  777-778,  November  27,  1914. 

Wilson,  Alice  E. 

131 1.  A  preliminary  study  of  the  variations  of  the  plications  of  Parastrophia  hemipli- 

cata,  Hall:  Canada  Geol.  Survey,  Mus.  Bull.  no.  2,  pp.  131-139,  1  pi., 
July  11, 1914. 
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BIBLIOGRAPHY   OF   NORTH   AMERICAN   GEOLOGY,  1914.  95 

Woodxncuiy  J.  E. 

1330.  The  interbedded  iron  ores  of  Nova  Scotia  (abstract):  New  York  Acad.  Sci., 

Annals,  vol.  23,  p.  274,  April  30,  1914. 

Woodruff,  E.  G. 

1331.  The  Horseshoe  Creek  district  of  the  Teton  Basin  coal  field,  Fremont  County, 

Idaho:  U.  S.  Geol.  Survey,  Bull.  541,  pp.  379-388,  1  fig.,  map,  1914. 

1332.  The  Glacier  coal  field,  Whatcom  County,  Washington:  U.  S.  Geol.  Survey, 

Bull.  541,  pp.  389-398,  1  fig.,  map,  1914. 

Woodruff,  E.  G.,  and  Day,  David  T. 

1333.  Oil  shale  of  northwestern  Colorado  and  northeastern  Utah:  U.  S.  Geol. 

Survey,  Bull.  581,  pp.  1-21,  1  pi.  (map),  1914. 

1334.  Bituminous  shale  in  northwestern  Colorado  and  northeaatem  Utah  (abstract): 
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Woodworth,  J.  B. 

1336.  Harvard  seismographic  station:  Fifth  annual  report  including  records,  1 
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1338.  Geological  development  of  Kansas:  Kansas  Acad.  Sci.,  Trans.,  vol.  26,  pp. 
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WoxreU,  S.  H. 

The  fuels  used  in  Texas.    See  Phillips  and  Worrell,  no.  950. 

Wright,  Arthur  W. 

1330.  Benjamin  Silliman,  1816-1885:  Nat.  Acad.  Sci.,  Biog.  Mem.,  vol.  7,  pp. 
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1340.  The  optical  properties  of  roscoelite:  Am.  Jour.  Sci.,  4th  ser.,  vol.  38,  pp. 
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1341.  Change  in  the  crystallographical  and  optical  properties  of  quartz  with  rise 

in  temperature  (abstract,  with  discussion):  Geol.  Soc.  America,  Bull., 
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Wright,  Fred.  £.,  and  Bankin,  G.  A. 

1342.  Physical-chemical  system,  lime-alumina-silica  and  its  geological  signifi- 
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Wright,  G.  Frederick. 

1343.  Recent  date  of  the  attenuated  glacial  border  in  Pennsylvania:  Int.  Geol. 

Cong.,  XII,  Canada,  1913,  C.  R.,  pp.  451^53,  map,  1914. 
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1S44.  Age  of  the  Don  River  gladal  deposits,  Toronto,  Ontario:  Creol.  Soc.  America, 
Bull.,  vol.  25,  no.  2,  pp.  205-214,  3  figi.,  June  18,  1914;  (sbetzact,  with 
discusrion),  Geol.  Soc.  America,  Bull.,  vol.  25,  no.  1,  pp.  71-73,  March 
30, 1914. 

1345.  Evidence  of  a  glacial  dam  in  the  Alles^eny  River  between  Warren,  Penn- 

sylvania, and  Tionesta:  Geol.  Soc.  America,  Bull.,  vol.  25,  no.  2,  pp. 
215-218,  1  pi.,  1  fig.,  June  18,  1914;  (abstract):  Geol.  Soc.  America, 
Bull.,  vol.pS,  no.  1,  pp.  84-85,  March  30,  1914. 

Wright,  H.  F. 

The  road  and  concrete  materials  of  Iowa.    See  Beyer  and  Wright,  no.  90. 

Wiight,  W.  B. 

1346.  The  Quaternary  ice  age.    464  pp.,  23  pis.,  155  figs.    London,  MacMillan 
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Gladere,  Yakutat  Bay,  Prince  William  Soimd, 
and  Copper  River  region:  Tarrand  Mar- 
tin, 1157. 
Pk!f9ioffnjiidc. 
General:  Brooks,  125. 
Glacier  Bay:  Martin,  810. 


Alaska— Continued. 
StratiifrapMc. 
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Platysomus,  Banff:  Lambe,  710. 
Petrology. 
Crowsnest  volcanics:  MacKenzie,  794. 
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AfphaJt.   8tt  alto  Asphaltite  and  Qrehamite. 
Kentueky:  Crump,  294. 
Edmonson  and  Oreyson  ooanties:  Bryant, 
147. 
United  States:  Day,  320. 

Aapidsretfls,    Bally    River    Ibrmation,    Alberta: 
Lambe  708. 

Aaociatlons,  m— tings. 

American  Association  for  the  Advancement  of 
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Enrichment  of  ores:  Clark,  237. 
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Fern  ledges,  St.  John,  New  Brunswick:  Stopes, 
1150. 

Fontaine,  W.  M.,  writings:  Watson,  1282. 

Graphite:  Bastin,  50. 

Iowa  Pleistocene:  Hay,  522. 

Iron  ores:  Earle,  380. 

Lead  and  zinc,  northwestern  Illinois:  Cox,  278b 

Leidy,  Joseph,  writings:  Osbom,  894. 

Lockatong  formation,  Triassic:  Hawkins, 520. 

Mammoth  Cave:  Hovey  and  Call,  580. 

Manhattan  schL<^,  New  York:  Fettke,  420. 

Marble:  Dale,  300. 

Mexfeo:  Thayer,  1164. 

North  America:  Nickles,  876. 

Nova  Scotia,  Arisaig-Antigonish  distrkst:  Wil- 
liams, 1300. 

Oolites:  Brown,  141. 

Petrology:  Johannsen,  616. 

Silliman,  Benjamhi,  writings:  Wright,  1339. 

Slate:  Dale  e/ a/. ,  302. 

Talc:  Hopkh)s,568. 

Texas,  fuels:  Phillips  and  Worrell,  960. 

Triassic  marine  invertebrates:  Smith,  1102. 

Volcanism:  Iddfaigs,  606. 

Washington,  coal:  Daniels,  308. 

White,  Charles  A.,  writings:  Dall,  303. 

Wolframite:  Hess  and  Schaller,  530. 

Big  Muddy  dome,  Wyo.:  Bamett,  39. 

Biography. 

Barlow,  A.  E.:  White,  1288. 

Fontaine,  W.  M.:  Watson,  1262. 

I<eidy,  Joseph:  Oabom,  894. 

Silliman,  Benjamin:  Wright,  1339. 

Suess,  Eduard:  IIobbs,549. 

White^  Charles  A.:  Dall, 303;  Keyes,  663. 

WInchell,  N.  H.:  Clarke,  247;  Schuchert,  1053. 

Birds.    See  Aves. 

Biamnth. 

United  States:  Hess,  r)29. 
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Bltomlnoiu  laadi. 

Alberta,  northern:  Ells,  387, 388. 

BttnmlBOU  ihale. 

Colorado,  northwestern:   Woodrnil  and'JTasc, 

1334.  •.'.'•.  - 

Utah,  northeastern:  Woodruil  aft4j4x,l334. 

Bivalves.    S«f  Pelecypoda.    ,  ;    '. 

Blowfaig  wells.    8ee  Und«n^feDi2&d*Water. 

Borax.  '.  *•.  " 

California,  Sallbe  Valle^:  Oale,  444. 
Ventura  Cpunn;:  Gale,  447. 

ITnit^  4^i^:  Vale  and  Oale,  1351. 

•  •    I    • 

Borl&ff...  ** 

'bermuda  Island:  Pfarsson,  963. 
.'\  ^«dliromia,  Death  Valley:  Gale,  443. 
*• 'jC^anada,  general:  InKall,607. 
'  Examlnatiim,  methods  of:  Udden,  1200. 
Illinois:  Udden,  1200. 
Bond,  Macoupin,  and  Montgomery  counties: 

Blatchley,  100. 
Crawford  and  Lawrence  ooontles:    Blatch- 
ley, 98. 
La  Salle:  Cady,  185. 
Plymouth  field:  Blatchley,  99. 
Sangamon  County:  Crook,  285. 
Iowa,  Bedford:  Kay,  004. 

Centerville:  Kay,  638. 
Kentucky:  Hoeing,  654. 
Michigan:  Smith,  1108. 
Nevada,  Columbus  Marsh:  Gale,  445. 
New  Mexfco,  Gallup  Basin:  Kirk,  662. 
Oklahoma,  Cushing  field:  Buttram,  178. 
South  Carolina,  Charleston:  Stephenson,  1128. 
Texas,  Coastal  Plain:  Deussen,  336. 

Spur:  Udden,  1202. 
West  Virginia,  Kanawha  County:  Whlt«,  1286, 
1287. 

Botany,  fossil.    See  Paleobotany. 

Boulder  batholith,  Montana:  Knopf,  688. 

Boundary  dbtrlct,  British  Columbia:  LeRoy,  738. 

Bowlden. 

Flattening  by  solution:  Udden,  1201. 
In  gravel  deposits:  Rich,  993. 

Bowling  Green  limestone:  Savage,  1031. 

Braobiopoda. 

Cambrian:  Burling,  158. 

Coloration:  Oreger,  496. 

Mississippian,  Mississippi  Valley:  Weller,  1270. 

Parastrophla  hemiplicata,  plications:  Wilson, 

1311. 
Plications,  Parastrophla  hemiplfeata:  Wilson, 

1311. 
Sedimentary  relations,  Cambrian  and  Ordo- 

virian:  Burling,  158. 
Syrlngothyrls:  North,  881. 
Triassic,  marine:  Smith,  1102. 

Brltiih  Columbia. 

General:  Burwash,  168. 

Field  area:  Allan,  5. 

Graham  Island.  Queen  Charlotte  group:  Clapp, 

226. 
Lillooet-Chilko  Lake:  Bateman,  61. 
Princess  Royal  Island:  McConnell,  782. 
Texada  Island:  McConnell,  783. 
Vancouver  Island,  Sooke  area:  Cooke,  276. 


'3zitlah  Colombia— Continued. 
.'  Sconomk. 
• '  Alunite,  Vancouver  Island:  Clapp,  229. 

Babine  Lake  area,  Omineca  distrfct:  Emmans, 
391. 

Boundary  distrfct:  LeRoy,  738. 

Clay:  Ries,  1003, 1004. 

Clay  and  shale  deposits:  Ries  and  Keele,  1006. 

Coal,  Flathead  Valley:  Dowlfaig,366. 
Oaliano,  Mayne,  and  Satuma  Islands:  Clapp, 
224. 

East  Kootenay  distrfct:  Schofleld,  1041. 

Field  area:  Allan,  6. 

Graham  Island:  MacKensie,  793. 

Groundhog  anthracita  field:  Evans,  397;  Mal- 
loch,  802. 

Hasdton:  Malloch,803. 

Howe  Sound,  Britannia  ore  deposit:  McCon- 
nell, 786. 

Lillooet  area:  Bateman,  62. 

Mfca,  Big  Bend  distrfct:  De  Schmid,  335. 
Tdte  Jaune  Cache  distrfct:  De  Schmid,  335. 

Nanaimo  area:  Clapp,  225. 

Observatory  Inlet  ore  bodies:  McConnell,  785. 

Portland  canal  distrfct:  McConnell,  780. 

Princess  Royal  Island:  McConnell,  782. 

Pyrophyllite,  Vancouver  Island:  Clapp,  229. 

Quadra  Island:  Calmes,  191. 

Rainy  Hollow  distrfct:  McConnell,  784. 

Report,  Bureau  of  Mines:  Robertson,  1008. 

Rossland  distrfct:  Drysdale,  370. 

Similkameen  distrfct:  Camsell,  199. 

Skeena  mining  distrfct:  McConnell,  780. 

Texada  Island:  McConnell,  779. 

Thompson  River  valley:  Drysdale,  369. 

Tulameen  district:  Camsell,  197. 

Vancouver  Island,  Duncan  area:  Clapp  and 
Cooke,  230. 
Sooke  area:  Cooke,  276. 

Yale  district:  Camsell,  198. 
Dyrtamk  and  structural. 

Glaciers:  Ogllvle,  885. 

Pleistocene  volcanism.  Coast  Range:  Burwash, 
167. 
PhifHograpkh. 

Cheakamous  region:  Burwash,  167. 

Field  area:  Allan.  5. 

Garibaldi  volcanic  area:  Burwush,  169. 

Pleistocene  volcanoes  of  Coast   Range:  Bur- 
wash, 109. 

Rocky  Mountains:  Fay,  410. 

Thompson  River  valley:  Drysdale,  309. 
Stratiffraphie. 

General:  Burwash,  108. 

Boundary  district:  Le  Roy,  738. 

Cambrian:  Burling,  157. 

East  Kootenay:  Schofield,  1039, 1041. 

Field  area:  Allan,  5. 

Fraser  River  valley:  Bowen,  IOC. 

Garibaldi  volcanic  area:  Burwash,  109. 

Gecdogical  map,  Queen  Charlotte  Soimd  and 
Burke  Channel:  Graham,  484. 

Golden-Bonfl:  Allan,  6. 

Graham  Island:  MacKeuKle,  793. 

Graham  Island,  Queen  Charlotte  group:  Clapp, 
226. 

Groundhog  coal 'field:  Malloch,  802. 

Lillooet  area:  Bateman,  G2. 
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Bxltlik  OotnmblA— ContiDiud. 
Straiifrapkk—CaDiiBUbd. 
LiUooai-Chilko  Lake:  B«teman,  61. 
UojU  sills:  Bailey,  28. 
Nanaimo  area;  Clapp,  225. 
Pleistooene  beaches,  Victoria:  Newoombe,  873. 
Portland  canal  district:  McCcnnell,  780. 
Pre-Cambrian,  soatheastem  British  Columbia: 

SchoAeld,  1043. 
Prince  Rupert-AUiennere:  McCannell,  781. 
Pnroell  Range:  SooOeld,  1042. 
Quadra  Island:  Caimes,  101. 
Sayona  area:  Rose,  1016. 
SeUrirk  and  Purcell  Mountains:  Daly,  306. 
Skeena  mining  district:  McConneU,  780. 
Texada  Island:  MoConnell,  770. 
Thompson  River  valley:  Drysdale,  360. 
Tulameen  district:  Camsell,  197. 
VaneoQver  Island,  Duncan  area:  Clapp  and 
Cooke,  230. 
Kynquot  Sound:  C]apPf  220. 
Saanich  area:  Clapp,  223. 
southern:  Clapp,  227. 
Vkstoria  area:  Clapp,  223. 
Yale  district:  Camsell,  108. 
Albertells  fsuna:  Burling,  157. 
Crataoeons    invertebrates,    Queen    Charlotte 

Islands:  Burwash,  166. 
East  Kootenay  district.  Pleistocene  flora:  Hol- 
lick,  561. 
Petnton. 
Field  area:  Allan,  5. 
Moyie  sills:  Ballsy,  28. 
Puroell  siUs,  East  Kootenay:  SchoAeld,  1042. 
Tulameen  district:  Camsell,  197. 
Underground  water, 
Vaneouver  Island,  Sharp  Point  hot  spring: 
Clapp,  228. 

Broadtop  coal  Add,  Pennsylvania:  Gardner,  4.52. 

Brockocjrstis:  Foerste,  429. 

Broiliellus,  Permian  amphibian:  Williston,  1307. 

Brontotherium,  restoration:  Osbom,  897. 


Cincinnatian:  Cumings  and  Oalloway,  295. 
Indiana,  Tanner's  Creek:  Cumings  and  Oallo- 
way, 295. 

Bnlldinc  itone.    See  aleo   Granite;    Limestone; 

Sandstone;  Stone. 
Kentucky,    Waverly    formation:  Morse    and 

Foerste,  867. 
New  Brunswick:  Parks,  020. 
New  Jeney,  Rarltan  quadrangle:  Bayley  et  al., 

66. 
NovaSootia:  Parks,  020. 
Oregon:  Parks,  010. 
Quebec:  Parks,  021. 

Bully  Hill  District,  California:  Boyle,  113. 


United  States:  Siebenthal,  1087. 
Cahuflla  Basin,  California:  Blake,  25;  Free,  438. 


OaUfimia.. 

Oeneral. 

Imperial  County:  Merrill,  835. 
Owens  Basin:  Qale,  440. 
Panamint  Valley:  Gale,  440. 
San  Diego  County:  Merrill,  835. 
Searles  Lake:  Gale,  440. 

Eamonk. 

Alleghany  district:  Ferguson,  417. 
Auriferous  gravel  channels:  Ailing,  16.  ; 
Borate  depoeits,  Ventura  County:  Gale,  447. 
Bully  Hill  district:  Boyle,  113. 
Celestite:  Phalen,  042. 
Chromic  iron  ore:  Diller,  353.  v 
Coal,  Coalinga  region:  Pack  and  English,  003. 
Copper  deposits,  Plumas  County:  Turner  and 

Rogers,  1188: 
Darwin   silver-lead    district,    Inyo    County: 

Knopf,  687. 
Gokl,  Alleghany  district:  Ferguson,  417. 

Weaverville  quadrangle:  Diller,  348;  Fergu- 
son, 416. 
Imperial  County:  Merrill,  835. 
Inyo  and  White  Mountains:  Knopf,  696. 
Magneslte:  Gale,  448. 
Marble,  Barstow:  Pack,  001. 
Oil  fields:  Arnold  and  Garflas,  21. 

anticlinal  dome  structure:  Hager,  507. 

faulting:  Hager,  508.  ^ 

unconformities  and  overlap:  Hager,  500. 
Petroleum,  Coaltaiga  region:  Pack  and  English, 

008. 
Quicksilver:  Veatch,  1236.  / 

Sonoma  County:  Palmer,  015. 
Saline  deposits,  Death  Valley:  Gale,  443. 

Saline  Valley:  Gale,  444. 

Searles  Lake:  Dolbear,  367. 

southeastern  California:  Gale,  449. 
San  Diego  County:  Merrill,  835. 
San  Francisco  district:  Lawson,  724. 
Sierra  County:  Ailing,  16. 
Sodium  sulphate,  San  Luis  Obispo  County: 
Gale,  446. 

Dfnamk  and  airuetural. 

California  fault  line,  erosion:  Holway,  563. 

Earthquake,  Santa  Cruz  Mountains,  1014:  Beal, 
67. 

Earthquakes,  registration  at  Berkeley:  Davis, 
318^21. 

Lassen  Peak:  Wright,  1347. 
eruptions:  Boyoe,  112;  Diller,  349,  351;  Hol- 
way, 665;  Storms,  1151. 

San  Bruno  earthquake,  1914:  Davis,  317. 

Tufa  deposits,  Salton  Shik:  Jones,  628. 

Pkifeiographk. 
Cahuilla  Basin:  Blake,  95. 
Colorado  Desert:  Blake,  95. 
Glaciation,  Coast  Ranges:  Holway,  566. 
Salton  Sea:  MacDougal  et  al.,  791. 
San  Francisco  Bay:  Holway,  564. 
San  Francisco  district:  Lawson,  724. 
Sierra  Nevada  Mountains:  Ailing,  16. 
Yosemite  Valley :^i^rench,  440;  Matthee,  811. 


104  BIBLIOGRAPHY  OP   NORTH  AMERICAN  GEOLOGY,  1914. 


,  and  Peachtree 
ish,  903. 
,416. 


Oa]lfox]ila--CoiitInaed. 
Straiiffraphic. 
Barstow-Knuner  region:  Pack,  902. 
Bully  Hill  district:  Boyle,  113. 
Cahollla  Basin:  Free,  438. 
Eooene:  Arnold  and  Hannibal,  22. 
Eocene  horixons:  Waring,  1254. 
Fernando  group,  Newfaall:  English,  393. 
lone  formation,  Calilomia:  Dickerson,  346. 
/  Livermore  Valley iiBranner,  116;  Lawson,  720. 
ICartines  group:  Dickerson,  340. 
Moraines,  Yosemite:  Matthes,  815. 
Neocene,  San  Juan  district:  Anderson  and 
Martin,  18. 
Temblor  Basin:  Anderson  and  Martin,  IS. 
Orindan  and  Siestan  formattons:  Merriam,  834. 
Pleistocene,   Manix,   M(Aave   Desert  region: 

Buwalda,  181. 
Rock  Creek  area,  Mohave  Desert:  Dickerson, 

342. 
San  Frandsoo  district:  La#son,  724. 
San  Joaquin  Valley:  Qester|455. 
Santa  Ana  Mountains:  DicVerson,  341. 
Tejon  group:  Dickerson,  339. 
Ventura  County:  Gale, 
Waltham,  Priest,  Bit 

valleys:  Pack  and 
Weaverville  quadrangle: 
Paleontology, 
Birds,  Pleistocene,  San  Pedro:  filler,  846. 
Breamaid:  Merriam,  830 
Cestraciont  shark,  Triassic:  Brya^,  145. 
Dolphin,  San  Louis  Obispo  County:  Lull,  771. 
Eocene  Molhisca:  Waring,  1254. 
Faunal  zones,  Tejon  group:  Dickerson,  339. 
Fernando  group,  Newhall:  English,  393. 
Gastropoda,  Tertiary:  English,  394. 
Martbiez  fauna.  Eocene:  Dickerson,  340, 343. 
Neocene,  San  Juan  district:  Anderson  and 
Martin,  18. 
Temblor  Basin:  Anderson  and  Marthi,  18. 
Neocene  MoUusca:  Martin,  807. 
Orindan  and  Siestan  faunas:  Merriam^,  834. 
Oysters,  Monterey  series:  Cruess,  292.  ^ 
Pleistocene  fauna,  Hawver  cave:  Stock,  1145. 
.     Pleistocene  shells:  Oldroyd,  887. 
Rancho  La  Brea:  Stroner,  1153. 
antelopes:  Chandler,  216. 
human  remains:  Merriam,  831. 
my lodont  sloths:  Stock,  1143, 1144. 
San  Pablo  founa:  Clark,  233. 
Tertiary  echinoids,  Carrizo  Creek  region,  Colo- 
rado Desert:  Kew,653. 
Triassic  fauna:  Smith,  II OS. 
Vertebrates,  Hosselkiis  limestone:  Bryant,  146. 
PetToloffif. 
Bully  Hill  district:  Boyle,  113. 
Copper  deposits,  Plumas  County:  Turner  and 
Rogers,  1188. 
Mtneraloffy. 
Crestmore:  Eakle,  378. 
Minerals:  Eakle,  377. 
Searlesltc:  Larsen  and  Hicks,  717. 
Sulphohalite,  Searles  Lake:  Gale  and  Hicks, 

450. 
Wi^ceite  and  okenite:  Eakle  and  Rogers,  379. 
Underground  Water. 
Livermore  Valley:  Branner,  116;  Lawson,  720. 


CaUixyIon.'6i:ikins  and  Wieland,  386. 
Camarassums:  Mook,  858, 859. 


Cambrlaii. 

StratigTaphif. 
Alaskar Yukon  boundary:  Caimes,  186, 187. 
Arizona,  Grand  Canyon  district:  Noble,  880. 
Mohave  County,  Grand  Gulch  regton:  Hill, 
539. 
British   Columbia,   East    Kootenay   district: 
Schofield,  1041. 
Field  area:  Allan,  5. 

Selkirk  and  Purcell  Mountahis:  Daly,  306. 
California,  Inyo  and  White  Mountains:  Knopf, 

686. 
Cape  Breton  Island:  Matthew,  816. 
Cordillera:  Burling,  157. 
Maasachusetts:  Loughlin  and  Hechinger,  767. 
Minnesota:  Grout  and  Soper,  502. 
Missouri,  RoUa  quadrangle:  Lee,  727. 
Montana,  Dillon  quadrangle:  Winchell,  1319. 
New  Brunswick:  Matthew,  816. 

St.  John  area:  Hayes,  523. 
Newfoundland,  C^onoeption  and  Trinity  bays: 

Van  Ingen,  1222. 
New  Jersey,  Raritan  quadrangle:  Bayley  et  al., 

66. 
New  York,  Saratoga  Springs  region:  Cuahing 

and  Ruedemann,  296. 
Ontario,  Ottawa,  ripple  marks:  Khidle,  681. 
Pennsylvania,    Coatesville    quadrangle:  Blin 

and  Jonas,- 101. 
Quebec,  southern:  Dresser,  367;  Harvie,  516. 
Texas,  Van  Horn  quadrangle:  Richardson,  999. 
Upper  Mississippi  Valley:  Waloott,  1244. 
Vermont,  Bennington:  Gordon,  476. 
Greensboro:  Richardson  and  Turner,  996. 
Hardwick:  Richardson  etal.,  997. 
Woodbury:  Richardson  et  al.,  997. 
Virginia,  Abingdon  quadrangle:  Stose,  1152. 
Yukon,  international  boundary:' Caimee,  186 
PaUontologjf. 
Albertella  fauna:  Burling,  157. 
Brachiopoda,  sedimentary  relations:  Burling, 

158. 
Cape  Breton  Island:  Matthew,  816. 
Dikelooephalinse:  Walcott,  1244. 
New  Brunswick:  Matthew,  816. 
Ozarkian  seaweeds  and  oolites:  Wieland,  1294. 
Paradoxides,  ontogeny:  Raymond,  978. 

Canada  (fenoral).    See  aUo  names  of  provinces. 
OeneraJ. 
Arctic  region,  Coppermine  River  region:  Sand- 
berg,  1027. 
Borings,  report:  Ingall,  607. 
Summary  report.  Geological  Survey,  1912  and 
1913:  Brock,  120, 121. 
Economic. 
Clay:  Keele,  646. 
Clay  and  shale  deposits,  western  provinces: 

Ries,  1001, 1006. 
Coal:  Dick,  338. 
Gypsum:  Cole,  259. 
Mineral  resources:  Fr^hette,  437. 
Mines  Branch  report,  1913:  Haanal,  504. 
Straiiffraphic. 
General:  Burling,  159. 
Borings:  Ingall,  608. 
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OaaadA— CoDtfaiiiKt 

Invortebnte  paleontology,  rapoft:  Kindle,  678, 

«7». 
Paleobotany,  report:  WUflon,  1317, 1318. 
Vertebrate  paleontology,  report:  Lambe,  712, 
713. 
Mhienlogf. 
OenenO:  John0ton,ft34,625. 

Camumball  member  of  Lance  formation:  Lloyd, 
769. 

Gamxmball  Rlrer  lignite  field.   North   Dakota: 
Lloyd,  758. 

Carbontfetoas. 

Stntignjikp. 
Oenenl. 
Chester  Groap:  Weller,1209. 
Claasiflcatian:  Keyes,673. 
Correlation:  Keyes,661. 
lliMieBippian,   Hlninippi    VaU^:    Weller, 

1270. 
Nomendature:  Keyes,  861. 
Alaska,  Hanagita-Bremner  region:  HofBt,  854. 
Alaska- Yukon  boundary:  Caimes,  186, 187. 
Ariiona,  Grand  Canyon  district:  Noble,  880. 
Little  Colorado  Valley:  Gregory,  497. 
MjhaTe  County,  Grand  Gulch  region:  Hill, 
530. 
Arkansas,  Fort  Smith-Potean  fieki:    Smith, 

1097. 
British  Cohimbta,  East  Kootenay:  Schofleld, 
1040. 
Lillooetarea:  Bateman,  62. 
LiUooet-Chilko  Lake:  Bateman,  61. 
Thompson  River  valley:  Drysdale,  360. 
Vancouver  Island,  Duncan  area:  Clapp  and 
Cooke,  230. 
80U|heni:  Clapp,  227. 
California,  Alleghany  district:  Ferguson,  417. 

Inyo  and  White  Mountains:  Knopf,  686. 
Colorado,  southwestern:  Cross  and  Larsen,  290. 
Idaho,  Alder  Creek  district:  Umpleby,  1209. 
southeastern:  Richards  and  Mansfield,  905. 
Illinois,  Bond,  Macoupin,  and  Montgomery 
counties:  Blatchley,  100. 
Chester  group:  Weller,  1269. 
Colchester  and  Macomb  quadrangles:  Hinds, 

543. 
Crawford  and  I^wrenoe  counties:  Blatchley, 

96. 
La  Salle:  Cady,  185. 
Sangamon  County:  Crook,  285. 
Iowa,  Bethany  limestone:  Tilton,  1170. 
Kentucky,  Dawson  Springs  quadrangle:  Crlder, 
283. 
Rarlington  quadrangle:  Crider,  284. 
Edmonson  and  Grayson  counties:  Bryant, 

147. 
Owensboro  quadrangle:  Crider,  281, 
Pound  quadrangle:  Butts,  180. 
Tell  City  quadrangle:  Crider,  281. 
Waverly  formation:  Morse  and  Foerste,  867. 
Wayne  County:  Munn,860. 
western:  Hutchinson,  600. 
MsMacfausetts:  Loughlin  and  Hechlnger,  767. 
Diamond  Hill-Cumberland  district:  Warren 
and  Powers,  1256. 


OarboBlfaroua— Continued. 
iS(a^opk|r-~Cantinued. 
Massachusetts:     Squantum    tillite:     Sayles, 

1034. 
Michigan:  Cook,  273. 

Wayne  County:  Sherser,  1081. 
Missouri,  northeastern:  Greene,  404. 

Rolla  quadrangle:  Lee,  727. 
Montana,  Cleveland  field:  Bowen,  104. 

DUlon  quadrangle:  Whichell,  1319. 

Elliston  field:  Stone  and  Bonine,  1149. 
Nevada,  Yellow  Phie  district:  Hill,  538. 
New  Brunswick:  Keele,  644. 

St.  John:  Stopes,  1150. 
New  Mexico,  Sierra  Blanca  field:  Wegemann, 

1268. 
Nova  Scotia:  Hyde,  601. 

Arisaig-Antigonish  district:  WUliams,  1300. 

Cape  Breton  Island,  Clybum  Valley:  Wright, 
1350. 

Joggins  section:  Bell,  77. 

Strait  of  Canso:  Hyde,  602. 
Ohio,  Waverly  formation:  Morse  and  Foerste^ 

867. 
Oklahoma,  Cushing  field:  Buttram,  17R. 

east-central:  Snider,  1113. 

Fort  Smith-Poteau  field:  Smith,  1097. 

Glenn  field:  Smith,  1096. 

Grandfield  district:  Munn,  809. 

northeastern:  Snider,  1113. 

Permian:  Beede,73. 
Oregon,  Baker  district:  Grant  and  Cady,  487. 
Pennsylvania,  Broadtop  field:  Gardner,  452. 
Rhode  Island:  Loughlin  and  Hochinger,  767. 

Diamond  Hill-Cumberland  district:  Warren 
and  Powers,  1256. 
Tennessee,  Perry  County:  Wade,  1239. 

Waynesboro  quadrangle:  Drake,  366. 
Texas:  Udden,  1202. 

Red  beds:  Case,  208. 

Van  Horn  quadrangle:  Richardson,  999. 
Utah,  Canyon  Range:  Loughlin,  764. 
Virgtfiia,  Abingdon  quadrangle:  Stose,  1152. 

Pound  quadrangle:  Butts,  179, 180. 
West  Virginia,  Kanawha  County:  Krebs  and 
Teets,  697. 

Preston  County:  Hennen  and  Regw*,  527. 
Wyoming,  Douglas  field:  Bamett,  41. 

Lincoln  County:  Schultz,  1058. 
Yukon,  international  boundary:  Caimes,  186. 

White  River  district:  Caimes,  190. 
Paleontology. 
Iowa,  Burlington  Crinoidea:  Wood,  1326. 
Kansas,   Lawrence:  Twenhofel  and   Dunbar, 
1191. 

Pennsylvanian  vertebrates:  Twenhofel,  1189. 
Kentucky,  Waverly  plants:  Scott  and  Jeffrey, 

1061. 
Mississippian  Brachiopoda:  Weller,  1270. 
Nebraska,  eurypterids:  Barboiv,  38. 

Jellyfish:  Barbour,  37. 
New    Brunswidc,    St.    John,    flora:    Stopee, 

1150. 
Plants,  roof  of  Pittsburgh  coal:  Grier,  500. 
Texas:  Udden,  1202. 

Broiliellus:  Williston,  1307. 
West  Virginia,  Kanawha  County:  Price,  962. 

Preston  County:  Price,  963. 
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Oaxaotlte  orM. 

Colorado:  Hess,  528. 

Origin:  Hess,  528. 

Pennsylrania,  Mauch  Chunk:  Wherry,  1278. 

Utah:  Hess,  528;  Howard,  581. 

Cartography.    See  aUo  Maps. 
Geologic  mapping:  Paige,  905. 

Castoroides,  Madison  County,  N.  Y.:  Smith.  1094. 

Catahoula  sandstone,  origin:  Qoldman,  468.. 

Cataract  formation:  Schuchert,  1054. 

Caverns.    See  Caves. 

Caves. 

Arisona,  Bisbee:  Wilson,  1316. 

Cetoftlte. 

California:  Phalen,  942. 

Cament  and  otment  matarlali. 

Southern  States:  Watson  and  Qrasty,  1264. 
United  States:  Burchard,  154. 
Washington:  Shedd,  1060. 

Central  America.    See  Costa  Rica;  Guatemala,  etc. 

Cephalopoda.    See  alto  Mollusca. 

Acceleration  of  development:  Smith,  1103. 
Triassic,  marine:  Smith,  1102. 

Cetacea.    See  Mammalia. 

Challcothwoidea,  osteology:  Holland  and  Petftrson, 
559. 

Changes  of  level.    See  also  Beaches;  Shore  lines; 
Terraces. 

Oeneral'  Johnson,  620. 

Coastal  subsidence:  Davis,  316;  Johason,  619. 

Connecticut  Valley:  Fairchild,  400. 
Pleistocene  submergence:  Fairchfid,  400. 

Costa  Rica,  Talamanca  region:  MacDonald,7S8: 
Miller,  845. 

Florida:  Vaughan,  1232. 

Hudson  Valley,  Pleistocene  submm;enoe:  Fair- 
child,  400. 

Hudson-Champlain  valley:  Fairchild,  400. 

New  Bruaswick:  Ooldthwait,  473. 

Ontario  region,  postglacial  deformation:  Spen- 
cer, 1118. 

Chemical  analyses.    See  lUt,  p.  J4i. 

Chert.    See  also  Flint. 

Missouri,  Rolla  quadrangle:  Lee,  727. 

Cheyenne  River  Indian  Reservation,  S.  Dak.:  Cal- 
vert rfo/.,  193. 

Chisana  district,  Alaska:  Brooks,  123. 

Chiomio  Iron  ore. 

United  States:  Diller,  353. 

Chromite. 

Quebec,  southern:  Dresser,  367. 

Chronology,  North  America:  Schuchert  and  Bar- 
ren, IW)?. 

Clrcumoontinental  growth:  Chamberlin,  213. 

ClaaslflcatiOB. 

Igneous  rocks:  Tyrrell,  1193. 

Ore  deposits,  gold-silver:  Lindsley,  755. 

Sediments:  Trowbridge,  1182. 

Clastlcsediments,  mechanical  composition:  Udden, 
1303. 


Clay.    See  alto  Fire  clay. 
Oeneral:  Crider,  282. 

Aluminum  hydrates  in  clays:  Edwards,  384; 
j  Ries,  1002. 

Alberta:  Ries,  1003, 1004;  Ries  and  Keele,  1006. 
British  Columbia:  Ries,  1003,  1004:  Ries  and 

Keele,  1006. 
Canada:  Keele,  646. 

western  provinces:  Ries,  1001, 1005. 
Kentucky:  Crider,  282;  Easton,  382. 
Minnesota:  Grout  and  Soper,  502. 
Montana,  northeastern:  Bauer,  fia. 
New  Brunswick:  Keele,  644. 
New  York:  Newland,  874. 
North  Dakota,  south  central:  Leonard,  737. 
Nova  Sootia,  Lunenburg  County:  Faribault, 

404. 
Quebec:  Keele,  645. 
Saskatchewan:  Ries  and  Keele,  1006. 

WiUowbunch  area:  Rose,  1017. 
United  States:  U.  S.  G.  S.,  1216. 
West  Virginia,  Kanawha  County:  Krebs  and 

Teets,  697. 

Climate,  geologic.    See  Paleocllmatology. 
Clinton  iron  ores,  genesis:  Earle,  380. 

Coal.    See  alao  Anthracite;  I^ignite. 
Oeneral. 

Accumulation  of  coal  beds:  Savage,  1032. 

Analyses:  Campbell,  195;  Fieldner  et  al.,  421. 

C/omposition  and  qualities:  J^rey,  613. 

Formation  of  coal  beds:  White  and  Th lessen, 
1285. 

Origin:  Burroughs,  161:  White  and  Thles.<wn, 
1285. 

Resins  in  coals  of  high  rank:  White,  1283. 
Alaska:  Crane,  279. 

Bering  River  field:  Fisher  and  Calvert,  422. 

Cook  Inlet  and  Kachemak  Bay:  Crane,  280. 
.  Matanuska  Valley:  Martin  and  Mertie,  808. 

Yakataga  district:  Maddren,  798. 
Alberta,  Jasper  Park  field:  O'Neal,  891. 

North  Saskatchewan  River:  Dowling,  363. 

Smoky  River  field:  O'Neal,  890. 

South  Fork  district:  MacKenzie,  792. 
Arkansas,  Sebastian  County:  Hackett,  505. 
British  Columbia,  Flathead  Valley:  Dowling, 
365. 

Graham  Island:  Clapp,  226;  MacKenzie,  793. 

Groundhog  field:  Evans,  397;  Malloch,  802. 

Nanaimo  area:  Clapp,  225. 

Tulameen  district:  Camsell,  197. 
Canada:  Dick,  338. 
Colorado,  Yampa  field:  Weston,  1275. 
Idaho,  Teton-Basin  coal  field.  Horseshoe  Creek 

district:  WoodrulT,  1331. 
Iowa,  analyses:  Hixson,  544. 
Kentucky:  Hoeing,  556. 

Bull  Creek  region:  Hodge,  552. 

Carr  Fork  field:  Hodge,  552. 

Dawson  Springs  quadrangle:  Crider,  283. 

Earlington  quadrangle:  Crider,  284. 

Edmonson  and  Grayson  counties:  Bryant, 
147. 

Kentucky  River,  Perry  and  Knott  counties: 
Hodge,  551. 
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Coal— CoDtliiued. 

Kentucky:  Licking  River,  Magoffin  Ck>iinty: 
Hodge,  650. 

Oweosboro  quadrangle:  Crider,  281. 

Pound  quadrangle:  Buttn,  180. 

Tell  City  quadrangle:  Crider,  281. 

western:  Hutchinson,  6C0. 
lfi<souri,  northeastern:  arenie,404. 
Montana,  Big  Sandy  field:  Bowen,  lOfi. 

Cleveland  field:  Boven,  104. 

eastern:  Palmer,  917. 

MusselshelKJudlth  area:  Bowen,  103. 

Pine  Ridge  field:  Rogers,  1012. 

western:  Palmer,  916. 
New  Mexico,  Gallup  Basin:  Kirk,  682. 

Siena  Blanca  field:  Wegemann,  126S. 
North  Carolina,  Dan  River  field:  Store,  lUA. 
North  Dakota,  Cannonbell  River  lignite  field: 

Lloyd,  758. 
Ohio,  Hockhag  Valley  field:  Burroughs,  162. 
Oregon,  Eden  Ridge  field:  I.esher,  739. 

John  Day  region:  Collier,  266. 

southwestern:  Diller,  352. 

Squaw  Creek  Basin,  Coos  County:  Williams. 
1296. 
Pennsylvania:  Burrows,  163. 

Broadtop  field:  Gardner,  452. 

Pittsburgh  bed:  Burroughs,  163. 

Poconoooak:  Halberstadt,  510. 
Soskatchevean,  Wfilowbunch  arm:  Rose,  1017. 
Texas:  Phillips  and  Worrell,  950. 
United  States:  U.'S.  G.  S.,  1216. 
Utah,  Book  Cliffs  field:  Lewis,  748. 

Grand  County,  Thompson:  Clark,  235. 

Wales,  Sanpete  County:  Clark,  236. 
Virgbiia,  Pound  quadrangle:  Butte,  179, 180. 

Powell  Mountain,  Soott  County:  Campbell. 
194. 
Washington,  Glacier  field:  Woodntff,  1332. 

Issaquah  field:  F.vans,  398. 

Pierce  County:  Daniels,  308. 
West  Virginia,  Kanawha  County:  Krebs  and 
Teets,  697. 

Preston  County:  Hennen  and  Reger,  527. 
Wyoming,  Lincoln  County:  Schulti,  law. 
Yukon:  Payne,  92S. 

Coal  Measures.    See  Carboniferous. 

Coait  ehaagM. 

New  Jersey:  Johnson  and  Smith,  623. 

Coastal  stability:  Johnson,  619. 

Coatesville  quadrangle,  Pennsylvania:  Blbis  and 

Jonas,  101. 
Cobalt. 

United  States:  Hess,  629. 

Colorado. 
Qfueral. 

Bibliography:  Jones,  631. 
Eeonomis, 
Bituminous  shale:  Woodruff  and  Day,  1.^133. 
Camotite  deposits,  origin:  Hess,  528. 
Cenisite,  Custer  County:  Hunter,  596. 
De  Beque,  Mesa  County,  petroleum  field:  De 

Beque,331. 
Gilpin  County  ore  bodies,  origin:  Becker,  68. 
Granite,  Gunnison:  Hunter,  505. 


Oolonulo— Continued. 
£bonomie— Continnad. 
Iron,  Caribou:  Bastin,  58. 
Lead,  Custer  County:  Hunter,  506. 
LeadvUle:  ArgaU,  20. 
on  shale,  northwestern  Colorado:  Woodruff 

and  Day,  1333. 
Pitchblende  ores,  Gilpin  County:  Bastin,  57. 
Radium:  Parsons,  922. 
SOver  I^ake  basin:  Prosser,  965. 
Unaweep  copper  district,  Mesa  County:  Butler, 

171. 
Yampa  coal  field,  Routt  County:  Weston,  1275. 
PhtfHogTapkie. 

San  Juan  Mountains:  Atwood,  2.'i. 
Straiigmpkie. 
General:  Henderson,  525. 
Geologic  map:  George,  454. 
Southwestern  Colorado:  Cross  and  I.«nen,  200, 
291. 
Paleontoloff. 
Oeneml'  Henderson,  535. 
Camarasaurus:  Mook,  858. 
Dinosaur ia:  Gilmore,  460. 
Florissant  insects:  Cockerell,  2S6. 
Bombyliidse:  Cockerell,  250. 
Coleoptera:  Wickham,  1292. 
Dlptera:  Cockerell,  254. 
Orthoptera:  Cockerell,  252. 
sawfly:  Cockrell,  253. 
Bmilax,  Florissant:  Cockerell,  255. 
Petrology. 
Apishapa  quadrangle:  Croas,  288. 
Eocene  formations.  Rocky  Mountains,  petro- 
graphic  characters:  Johannsen,  615. 
Mhuraiofjf, 
Cebollite,  Gunnison  County:  Laraen  and  Schal- 

ler,  719. 
Chaloophanite,  LeadvUle:  Ford,  433. 
Empressite:  Bradley,  114. 
Ferberite:  Hess  and  Schaller,  530. 
Gunnison  County:  Laraen  and  Hunter,  718. 
Hetaerolite,  LeadvUle:  ArgaU,  19. 
Metahewettlte:  HiUebrand  etal.,&*l. 
Ifeteorltes,  BishopCanyon,  San  Miguel  County: 

Farrington,  409. 
Muthmannite:  Schaller,  1096. 

Columnar  structure  in  limestone:  Kindle,  675. 

Coaoiete  matarlala. 

Iowa:  Beyer  and  Wright,  90. 

ConeratlOBf. 

Oolitic  and  pisolitic  barite,  Saratoga  oil  field, 
Texas:  Moore,  862. 

CoBfflomerataa. 

Corrosion  conglomerate:  Sardeson,  1030. 
Intraformational  conglomerate:  Sardeson,  1030. 
Ohio,  Mississippian:  Lamb,  TQH. 

Congresses.   See  Associations. 

CoBBoctloat. 

PI^Hoffraphk. 
•      Cheshire  "dam:"  Ward,  1253. 
PaUontoloffp, 
Mastodon:  Schuchert,  1052. 
Farmington:  LuU,  772. 
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Contact  phonomsna. 

Idaho,  Mackay:  Umpleby,  1209. 

New  York,  North  Creek  quadrangle:  Miller, 

850. 
Recrystallization  of  limestone:  Leith,  734. 
Silicate  zones,  secondary:  Kemp,  652;  Higgins, 

636;  Llndgren,  752;  Stewart,  1140;  Uglow, 

1206. 
Contemporaneous  defonnation:  Labee,  704. 

Continental  forms,  origin:  Baker,  29. 

Copper. 

Oeneral. 

Copper-ore  enrichment,  chemistry  of:  Clark, 
237. 

Enrichment  of  sulphide  ores:  Clark,  237. 

Genesis  of  deposits:  Tolman  and  Clark,  1176. 

Pyrrhotite,  relation  to  chalcopyrite  and  other 
sulphides:  Thompson,  1167. 

Sulphide  enrichment:  Rogers,  1010. 
Alaska:  Brooks,  124. 

Chisana  district:  Brooks,  123. 

Hanagita-Brenmer  region:  Moffit,  854. 

Ketchikan  region:  Smith,  1106. 

Matanuska  Valley:  Martin  and  Mertie,  808. 

Prince  William  Sound:  Johnson,  617. 
Arizona,  AJo  district:  Joralemon,  634. 

Bisbee  district:  Notman,  882;  Tenney,  1163. 

Copper  Creek  district:  Hafer,  506. 

Globe  district:  Tovote,  1178. 

Mohave  County,  Grand  Gulch  region:  Hill, 
539. 

Patagonia  district:  Probert,  964. 

Superior:  Ransome,  973. 

White  Mesa  district:  Hni,  537. 
British  Columbia,  Boundary  district:  I^eKoy, 
738. 

Quadra  Island:  Caimes,  191. 

Texada  Island:  McConnell,  779. 

Tulameen  district:  Camsell,  197. 

Vancouyer  Island,  Duncan  area:  Clapp  and 
Cooke,  230. 
southern:  Clapp,  227. 

Yale  district:  Camsell,  198. 
California,  Bully  Hill  district:  Boyle,  113. 

Inyo  and  White  Mountains:  Knopf,  686. 

Plumas  County:  Turner  and  Rogers,  1188. 
Central  States:  Butler  and  Dunlop,  175. 
Colorado,  Unaweep  district:  Butler,  171. 
Eastern  States:  McCaskey,  776. 
Idaho,  Mackay:  Umpleby,  120R,  1209,  1212. 

Mullan:  Calkins  and  Jones.  192. 
Maryland,    New    London   mine,    Frederick 

County:  Butler  and  McCaskey,  176. 
Michigan:  Hore.  573. 
Montana,  Butte  district:  Ray,  977. 

Dillon  quadrangle:  Winchell.  1319. 

Park  County:  Gardner,  451. 

Saltese:  Calkins  and  Jones.  192. 
Nevada,  Ely:  Whitman,  1290. 

Yellow  Pine  district:  Hill,  538. 
New  Jersey,  Rarltan  quadrangle:  Bayley  et  al., 

66. 
New  Mexico,  Apache  district:  Wade,  1240. 

Burro  Mountain  district:  Bush,  170. 

Organ  Mountain  district:  Welsh,  1274. 

Phios  Altos  district:  Wade,  1241. 
Northwest    Territories,     Coppermine    River: 
Sandbergi  1027. 


Copper— Continued. 

Oregon,  northeastern:  Swartley,  HAS. 

southwestern:  DiU6r,352. 
Pennsylvania,  South  Mountain  region:  Bevier, 

80. 
Quebec:  Bancroft,  33. 
Southern  States:  Gordon,  478. 
United  States:  Butler,  173. 
Utah,  San  Francisco  district:  Butler,  172. 
Washington,  northeastern:  Bancroft,  31. 

Coppo*  Creek  district,  Ariz.:  Hafer,  506. 

Coppermine  River  region,  Canada:  Douglas,  359, 
Sandberg,  1027. 

Coral  Teefi  and  ialandi. 

Oeneral'  Davis,  323;    Pirsson,  953;   Vaughan; 

1231, 1233. 
Barrier  reefe,  platforms:  Vaughan,  1234. 
Florida  coral  reef  tract:  Vaughan,  1232. 
Origin:  Davis,  323. 

Corals.    See  Anthozoa. 
Correlation.    See  Stratigraphic. 
Corythosaurus,  Alberta:  Brown,  136. 

Coita  Rica. 
Oeneral. 
Sixaola  River  region:  MacDonald,  788;  Miller, 

845. 
Talamanca  region:  MacDonald,  788;  Miller,  845. 
Dfnamic  and  ttructwal. 

Volcano,  Miravalles:  Peralta,  929;  TristAn,  1179. 
8trati{fraphic. 
Sedimentary  formations:  Alforo,  4. 
Sixaola  River  region:  MacDonald,  788;  Miller, 

845. 
Talamanca  region:  MacDonald,  788;  Miller,  845. 

Craigton  Lake,  tilted  shore  lines:  Hubbard,  586. 

Cretaceoni. 

Stratigraphy. 
Oeneral. 
Cannonball .  member   of   Lcuice    formation: 

Lloyd,  759. 
Cretaoeoas- Eocene  contact,  Atlantic  and  Gulf 

Coastal  Plain:  Stephenson,  1130. 
Cretaceous-Tertiary  boundary:  Brown,  133; 
Knowlton,  692;  Matthew,  819;  Osborn, 
895;  Stanton,  1 122. 
Montana  group:  Stebinger,  1126. 
Alaska,  Iditarod  Ruby  region:  Eakin,  373. 
Alberta,  Crowsnest  volcanlcs:  MacKenzie.  794. 
Sheep  River  field:  Dowling,  362,  364. 
South  Fork  district:  MacKenzie,  792. 
British  Columbia,  Eraser  River  valley:  Bowen, 
106. 
Oaliano,  Mayne,  and  Satuma  islands:  Clapp, 

224. 
Graham  Island:  Clapp,  226;  MacKenzie.  793. 
Groundhog  coal  field:  Malloch,  802. 
Lillooet-Chilko  Lake:  Bateman,  61. 
Nanaimo  area:  Clapp,  225. 
Prince  Rupert- Aldermere:  McConnell,  781. 
Quadra  Island:  Cairnes,  191. 
Texada  Island:  McConnell,  779. 
Thompson  River  valley:  Drysdale,  369. 
Tulameen  district:  Camsell.  197. 
Vancouver  Island:  Clapp,  223. 
Duncan  area:  Clapp  and  Cooke,  23a    • 
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CntAMOiis— Continued. 
AlraliprapJki^-Continued. 
CilUbniiB,  Coalinga  region:  Fade  and  English, 


Son  Francisco  district:  Lawson,  724 

Santa  Ana  Mountains:  Dickerson,  341. 
Georgia:  Berry,  80. 

Qulf  region,  eastern,  and  Carol inas:  Stephen- 
son, 1128. 
Idaho,  southeastern:  Richards  and  Haa<jfield, 

005. 
Minnesota:  Orout  and  Soper,  502. 
Montana,  Big  Sandy  field:  Bowen,  105. 

Blackfeet  Reservation:  Stebinger,   1124. 

Cleveland  field:  Bowen,  104. 

Dillon  quadrangle:  Winchell,  1319. 

Musselshell-Judlth  area:  Bowen.  103. 

northwestern:  Stebinger,  1125. 
New  Mexico,  Gallup  Baailn:  Kirlc,  682. 

Sierra  Blanca  field:  Wegemann,  1268. 

western:  Winchester,  1324. 
New  York,  Long  Island:  Fuller,  441. 
North  Dakota,  Cannonball  River  lignite  field: 
Lloyd,  756. 

south  centxul:  Leonard,  737. 
Oregon,  southwestern:  Diller,  352;  Winchell, 

1320. 
Rocky  Mountain  regjion:  Lee,  728. 
Soutii  Carolina:  Berry,  80. 

Charlestmi:  Stephenson,  1128. 
South  Dakota,  Cheyenne  River  Indian  Reser- 
vation: Calvert  et  al.,  193. 

Standing  Rook  Indian  Reservation:  Calvert 
etal.,  I9i. 
Tennessee,  Perry  County:  Wade,  1239. 

Waynesboro  quadrangle:  Drake,  366. 
Texas,  Van  Horn  quadrangle:  Richardson,  969. 
Utah,  Green  River  field:  Lupton,  773. 
Wyoming,  Big  Muddy  dome:  Bamett,  39. 

Douglas  field:  Bamett,  41. 

Lincoln  County:  Schults,  1058. 

Moorcroft  field:  Bamett,  40. 

Salt  Creek  field:  Trumbull,  1186. 

Shoshone  River  section:  Hewett,  534. 
PaUofUoloffif. 
Alberta,  Dinosauria,  Belly  River  formation: 

Lambe,  706. 
Anchioeratops,  Alberta:  Brown,  134. 
Corythosaurus,  Alberta:  Brown,  136. 
Dinosauria,  Alberta:  Lambe,  706, 707. 
Exogyia:  Stephenson,  1128. 
Georgia  flora:  Berry,  80. 
Gulfregion,  eastern,  and  Carolinas:  Stephenson, 

1128. 
Ichthyosaurian,  Benton:  Gilmore,  461. 
Leptocemtops,  Alberta:  Brown,  137. 
Maryland,  floras:  Berry,  84. 
Monoclonius,  Alberta:  Brown,  135. 
Montana,  dinosaur:  Gilmore,  462. 
South  Carolhia  flora:  Berry,  80. 

Criiioid8keletons,compositlon:  Clarkeand  Wheeler, 
241. 

Cxtaioldea.    See  alw  Echinodermata. 
Armsinphylogeny:  Wood,  1326. 
Cactocrinus:  Wood,  1326. 
Crlnoid    skeletons,    composition:  Clarke    and 
Wheeler.  241. 


Cxlnoldea— Continued. 

Homocrinus:  Kirk,  683. 
.     Phylogenetic  studies:  Wood,  1326. 

Quebec,  Giand  Greve,  Devonian:  Clarke,  244. 

Crowsnest  volcanlcs:  MacKenxie,  794, 

Cryptogams.    See  Paleobotany. 

Cryptophragmus:  Raymond,  983. 

CryptOBoon:  Wleland,  1294. 

Oryitallography. 

Ferberite:  Hess  and  SchaUer,  530. . 

Textbook:  Walker,  1247. 

Wlllemite:  Palache  and  Graham,  910. 

Cuba.    See  also  West  Indies. 
Economic. 

Iron:  Woodbridge,  1329. 
PttleonUdogp. 

ManunaUa:  Matthew,  822. 

Cycads:  Wieland,  1295. 

Cyttoidea. 

Agelacrinide:  Foerste,  429. 
LepadocystinsB:  Foerste,  429. 

Daubr^e  experiment  and  capillarity:  Johnston  and 
Adams,  623. 

Dawson   Springs  quadrangle,   Kentucky :.Crider, 

283. 
Decomposition  of  rocks.    See  Weathering. 

Deep-sea  deposits:  Chamberlin,  211. 

Definitions.    See  Nomenclature. 

Deformation. 

Contemporaneous  deformation:  I^hee,  704. 

Deltas. 

OeneraL  Shaw,  1079. 
Mississippi  River:  Shaw,  1078, 1079. 
Upper  Devonian  delta,  Appalachian  geoeyn- 
dine:  Banell,  50. 

Denudation.    Su  aUo  Erosion. 
General:  Keyes,  609. 
Rate:  Chamberlin,  213. 

Depew  quadrangle,  N.  Y.:  Luther,  775. 

Deposition  of  ores.    See  Ore  deposits,  origin. 

Deposition.    See  aUo  Sedimentation. 
Tufa  deposits,  Salton  Sink:  Jones,  628. 

Desert  basins:  Free,  439. 

Devoniaa. 

StrtUigrapkv. 
Alaska,  international  boundary:  Caimes,  186, 

187. 
Appalachian  region:  Barrell,  50. 
British  Columbia,  East  Kootenay:  Schofield, 

1040, 1041. 
(?alifomia,  Inyo  and  White  Mountains:  Knopf, 

686. 
Colorado,  southwestern:  Cross  and  Larsen,  290. 
Illinois,  Rock  Island  region:  Ekblaw,  385. 
Iowa:  Keyes,  657. 
Kentucky,  Pound  quadran^e:  Butts,  180. 

Wayne  County:  Munn,  869. 
Maine,  Eastport  quadran^^e:  Bastin  and  Wil- 
liams, 60. 
Pariin  Stream:  Pirsson  and  Schuchert,  955. 
Somerset  County:  Clarke,  244. 
Manitoba:  Kindle,  676;  MacLean  and  Wallace, 
796. 
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Deronlan— Continued. 
<S(rati^apk|f— Continued, 
liichi^:  Cook,  273. 

Wayne  County:  Sheraer,  1081. 
Minnesota:  Orout  and  Soper,  602. 
Montana,  Dillon  quadrangle:  Windiell,  1319. 
New  Bninswick,  Dalhouaie:  Clarke,  244. 
New  Jersey,  Raritan  quadrangle:  Bay  ley  et  al., 

66. 
New  York,  Attica-Depew  quadrangles:  Luther, 
775. 
Erie  County:  Houghton,  577. 
southeastern:  Clarke,  244. 
Syracuse  quadrangle:  Hopkins,  671. 
Nova  Scotia,  Arisaig-Antigonish  district:  Wil- 
liams, 1300. 
Ontario,  Orislcany  sandstone  and  Ohio  shale: 
Kindle,  677. 
Thedford:  Williams,  1302. 
Quebec,  southern:  Hanrie,  515. 
Tennessee,  Perry  County:  Wade,  1239. 
Waynesboro  quadrangle:  Drake,  366. 
Vht^ia,  Abingdon  quadrangle:  Stose,  1152. 
West  Virginia,  Preston  County:  Hennen  and 

Reger,527. 
Yukon,  international  boundary:  Caimes,  186. 
Paleontology. 
Arctic:  Schuchert,  1055. 
Illinois,  Rock  Island  region:  Kkblaw,  385. 
Mahie,  Chapman  fauna:  Clarke,  244. 
Moose  River  fauna:  Clarke,  244. 
Parlin  Stream:  Pirsson  and  Schuchert,  955. 
Michigan,  Dundee  limestone  fauna:  Crabau, 

482. 
Missouri,  fishes:  Branson,  118. 
New  Brunswick,  Dalhousie  fauna:  Clarke,  244 
New  York,  Port  Ewen  fauna:  Clarke,  244. 
Pennsylvania,   Rectogloma:    Van    Tuyl   and 
Berckhemer,  1227. 

Diadectes:  Broom,  126. 

Diamond  Hill-Cumberland  district,  Rhode  Island- 
Massachusetts:  Warren  and  Powers,  1256. 

Diamonds. 

Arkansas:  Miser,  853. 

British  Columbia,  Tulameen  district:  Camsell, 
197. 

Diaitrophiim. 

Otneral:  Chamberlln,  209. 

Deep-sea  deposits:  Chamberlin,  210. 

Foreset  beds  and  slope  deposits:  Chamberlin, 

212. 
Paleozoic  shelf  seas:  Chamberlin,  210. 
Shelf  seas:  Chamberlin,  210. 

Dikes. 

Colorado,  Apishapa  quadrangle:  Cross,  288. 

New  Jersey,  Raritan  quadrangle:  Bayley  rt  al., 
66. 

New  York,  Syracuse,  peridotite:  Clark,  234. 

Quebec,  St.  Hllaire  and  Rougemont  moun- 
tains: 0'Neill,'892. 

Dhiosauria.    See  Reptilia. 

Dip  chart:  Bancroft,  32;  Linforth,  756;  Simons,  1089. 

Diplooeras,  Uinta  Eocene:  Peterson,  935. 


Dolidiorhinus,  Uinta  beds:  Peterson,  939. 
Dislocations.    See  Faulting. 
Distribution.    See  Geographic  distribution. 

DokMBite. 

Iowa:  Knight,  684. 

Orighi:  Dale,  300;  Farrhigton,  408;  Van  Tuyl, 
1225. 

Dolomitlsatkm:  Waloott,  1246;  Wallace,  1250. 

DxaJaace  eluuifei. 

California,  Sierra  Nevada:  Ailing,  16. 
Connecticut,  Cheshire:  Ward,  1253. 
Iowa:  Lees,  729. 
Ohio:  Coffey,  258. 

southwestern:  Fenneman,  411. 
Pennsylvania,  Susquehanna  River:    Darton, 
309. 

Drift  depoiits.    See  aUo  Glacial  geology. 
Iowa,  Cedar  Rapids  region:  Shipton,  1085. 

Des  Moines-Allerton  section:  Tilton,  1171. 
Kansas,  Topeka:  Wooster,  1337. 
Nebraska,  Kansan  drift:  Barbour,  36. 
New  York,  Long  Island:  Fuller,  441. 
Nova  Scotia:  Goldthwait,  471. 
Precious  stones  in  drift:  Muilenburg,  868. 
Quebec,  Montreal  region:  Stansfield,  1120. 

Dnimliiu. 

New  York,  east  central:  Rich,  991. 

DTnamlc  and  ■tructural  (jgeneral).    For  regionaif 

see  the  various  States.    See  also  list  cf  sulh 

ject  headings  on  p.  97. 
General:  Iddings,  603. 

Arcuate  mountains,  formation  of:  Hobbe,  546. 
Boulders  in  gravel  deposits:  Rich,  993. 
Catahoula  sandstone,  origin:  Goldman,  468. 
Clastic    sediments,    mechanical    composition: 

Udden,  1203. 
Daubrte  experiment  and  capillarity:  Johnston 

and  Adams,  623. 
Deformations,  periodic:  Chamberlin,  209. 
Exfoliation,  ccmcave:  Matthes,  8I4. 
Fracture  systems,  spacing:  Scott,  1062. 
Fracturing  of  rocks:  Becker,  72. 
Geologic  processes,  syllabus:  Keyes,  665. 
Gypsum  and  anhydrite:  Wallace,  1252. 
Interference  ripples:  Kindle,  674. 
Migration  of  poles:  Barrell,  51. 
Parting  in  coal  bed:  Rogers,  1014. 
Ripple  marks:  Epry,  396. 
Segmentation  of  earth:  Chamlierlin,  214. 
Stream  valleys:  Rich,  992. 
Transportation  of  debris  by  running  water: 

Gilbert,  458. 

Earlington  quadrangle,  Kentucky:  Crider,  2S4. 

Earth,  age,  from  evolution:  Matthew,  817. 

Earth's  crust:  Holland,  558;  Barrell,  46,  4S,  49. 

Earth,  feneiia  of.    See  also  Dynamic  and  siruc- 
tural  (general). 
Segmentation  of  earth:  Chamberlin,  214. 

Earth,  interior. 

Oeneral:  Iddinips,  603. 

Earth,  shape:  Bowie,  110. 

Earthquake  sea  waves:  Reid,  990. 
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SarthqvAkM.    Su  al$o  S«isiiiology. 

California,    registratloo    at    Berketoy:  Pavis, 
318-321. 
San  Bruno:  Davis,  317. 
Santa  Crux  Mountains:  Beal,  07. 
Hawaii,  1W8:  Wood,  132S. 
niinois,  January  2, 1912:  Udden,  1109. 
Magnets,  suspendixi,  effects  on:  Raid,  968. 
Panama,  Los  Santos:  MacDonald  and  JoKn- 

ston,  789. 
South  Carolina,  Charleston:  Taber,  1156. 
Tennessee,  east:  Gordon,  477. 

Eastport  quadnngle,  Maine:  Bastin  and  Williams, 

Bchiaoidea. 

California,  Tertiary:  Kew,  663. 

BoobobUc  (^enerat).  For  regk/nal  tee  under  the 
earioui  StaUs.  See  al»o  Ore  deposits, 
origin,  and  the  partkuJar  prodncU. 

Boulder  bathdith,  origin:  Knopf,  688. 

Gypsum  and  anhydrite:  Wallace,  1252. 

Recrystallisation  of  limestone:  Leith,  734. 

Relation  of  geology  to  mining:  Hatch,  516. 

Silicate  lones,  secondary:  Kemp,  652;  Leith, 
734;  Stewart,  1110;  Lindgren,  752;  Uglow 
1206. 

Useltil  minerals  of  the  Ignited  States:  Sanford 
and  Stone,  1028. 

SdneaUoaaL    See  also  Textbooks. 

Interpretation  of  topographic  maps:  Salisbury 

and  Trowbridge,  1023. 
Laboratory  exercises  in  structural  and  historical 

geology:  Salisbury  and  Trowbridge,  1024. 
Studies  in  geology:  Salisbury  and  Trowbridge, 

1025. 
Syllabus   of  lectures   on   geologic   processes: 

Keyes,  665. 

Electric  activity  in  ore  deposits:  Wells,  1273. 

Elevption  and  subsidence.    See  Changes  of  level. 

Eocene.    See  Tertiary. 

Eolation.    See  Wind  work. 

Eolian  action.    See  Wind  work. 

Eotitaoops,  restoration:  Osbom,  897. 

Sroaioa.    See  also  Sedlmentatfon;  Glacial  erosion. 
California  fault  line:  Holway,  563. 
Chesapeake  Bay,  mouth  of  Choptank  River: 

Hunter,  597. 
Coast    changes,    New    Jersey:  Johnson    and 

Smith,  623. 
Hillside  wash:  Purdue,  968. 
Missotui,  southeastern:  Dake,  298. 
Ohio,  Fayette  County:  Napper,  871. 
Stream  erosion  in  deserts:  Keyes,  670. 
Stream  valleys:  Rich.  992. 

Eruptive  rocks.    See  Igneous  and  volcanic  rocks. 

Eikaxs. 

Ohio,  Locust  Grove:  Thompson,  1168. 
Origin:  MfUis.  852;  Trowbridge,  1181. 

Essays.    See  Addresses. 

Suyptarida. 

Nebraska,  CarbonifBrous:  Barbour,  38. 


Svotaitloa. 

Oeneral:  Osbom,  899. 

Cephalopoda:  Smith,  1103. 

Convergent  evolution:  Gregory  dol,  499. 

Evolution,  time  ratios:  Matthew.  817. 

EzonnloBt. 

International  Geological  Congress:  Moore.  861. 

Exfoliation,  concave:  Matthes,  814. 

Bxptrimaatal  iBTectlffatloiu. 
General:  Paulcke,924 

FauttiaK. 

Faultfinder:  Simons,  1068:  Weeks  and  Hunt 
ington,  1267 

Idaho,    Bannock    overthiust:  Rfchards    and 
Mansfield,  995. 

Landslide  fault:  Smith  and  Zulch,  1110. 

Maine,  Eastport  quadrangle:  Bastin  and  Wil- 
liams, 60. 

New  Mexk»,  Luna  County:  Darton,  312. 

New  York,  North  Creek  quadrangle:  Miller, 
850. 
Saratoga  Springs  region:  Cushing  and  Rueda- 
mann,  296. 

Nomenclature:  Stevens,  1137. 

Feldsi»ar. 

New  York:  Newland,  871. 
United  States:  KaU,  636. 

Ferberite:  Hess  and  Sduller,  530. 

Fernando  group,  Newhall,  California:  English,  dSO. 

Field  area,  British  Columbia:  Allan,  5. 

Fire  clay. 

Kentucky:  Crider,  282. 

Fishes.    See  Pisces. 

Fissures.    See  Faulting. 

Florida. 

General. 

Sur\'ey  report:  Sellards,  1066. 
Economic. 

Mineral  resources:  Sellards,  1067. 

Phosphate:  Sellards,  1067, 1070. 
FhfHograpkic. 

Coral  reef  areas:  Vaughan,  1232. 

Lakes:  Sellards,  1068,  1073. 
'Straiiffrapliie. 

General:  Vaughan,  1232. 

Alpchua  clays:  Sellards,  1060. 

Hawthorn    formation:  Vaughan   and    Cooke, 
1235. 
Pateontologp. 

Neocene  Mollusca:  Olsson,  889. 

Underffround  water. 
General:  Sellards,  1068. 

Florida  coral  reef  tract:  Vaughan.  1232. 

Florida  Mountains,  N.  Mex.:  Becker,  69. 

Florida  reef  tract,  geologic  history:  Vaughan,  1231. 

Fhionpar. 

United  States:  Burchard,  154. 

Folding. 

General:  Hobbs,  546. 

Arcuate  mountains,  formation  of:  Hobbs,  546. 
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Forwti,  f onlL 

Montana,  GalUtin  Mts.:  Knowlton,  663. 

Fossils.    See  Paleontology. 

FxBoture  systems,  spacing:  Soott,  1002. 

Frigites:  Barbour,  36. 

Frogs:  Moodie,  857. 

Fuller'i  earth. 

Oeneral:  ParBons»9a3. 
Southern  States:  Sellards,  1073. 

Fusulina,  nomenclature:  Oirty,  463. 

Oamet. 

New  York,  North  Creek  quadrangle:  Miller,  880. 

Garnet  sonfs,  origin:  Llndgren,  763. 

Gas.    See  Natural  gas. 

Oastropoda.    See  aUo  Molluaca. 

Antigua,  OUgooene:  Brown  and  Pilsbry,  132. 
California,  Tertiary:  English,  394. 
Color  markings:  Roundy,  1018. 
Uercynella:  O'Connell,  8&4. 
Massachusetts,  Vitrinella:  Cl^pp,  231. 
New  York,  Sflurian:  O'Connell,  884. 
Wyoming,  Tertiary:  Cockerell,  251. 

Oeau.    See  aUo  Precious  stones. 
United  SUtes:  Sterrett,  11.35. 

Genesis  of  orps.    See  Ore  deposits,  origin. 

Qeochemiatty. 

Oeneral.'  Nishihara,  879. 

Binary  system  MgO-SiOi:  Bowen  and  Andei^ 

sen,  100. 
>ipper-orB  enrichment,  chemistry  of:  Clark, 

237. 
Copper  sulphide  ores,  enrichment:  Clark,  237. 
Dolomititation:  Wallace,  1250. 
Marcasite  and  wurtzite:  Allen  and  Crenshaw,  8. 
Metallic  elements,  relative  abundance:  Clarke 

and  Steiger,  240. 
Mineral  analyses,  calculation  and  comparison! 

Van  Orstrand  and  Wright,  1224. 
Pyrite  and  marcasito:  Allen  and  Crenshaw,  7. 
Silicates,  constitution:  Clarke,  238. 
Silver  enrichment:  Palmer,  913. 

Qeodet. 

Origin:  Van  Tuyl,  1236. 

Geogenesis.    See  Earth,  genesis  of. 

a^ographlo  distribution. 

Eocene   flora,   southeastern    North   America: 
Berry,  86. 

Geologic  chronology  for  North  America:  Schucbert 
and  Barrel!,  ia57. 

Geologic  climate.    See  Paleoclimatology. 

Geologic  formations  described.    See  list,  p.  i4S. 
Tables.    See  Stratigraphic,  Tables  of  forma- 
tions. 

Oeoloffic  hlstorj.    See  aUo  Puleoclimatology  and 
PaIeog20graphy. 
Oeneral:  Keyes,  660;  Schuchert,  1051. 
Alaska,  Hanagita-Bremner  region:  MolBt,  854. 

Iditarod-Ruby  region:  Eakin,  373. 
Appelachian  region:  Barrell,  50. 
Arizona,  Buckskin  Mountains:  Blanchard,  96. 
Grand  Canyon  district:  Noble,  880. 


Gaolofio  hlstozT— Continued. 

British  Columbia,  Field  area:  AUan,  6. 

Groundhog  coal  field:  Malloch,  803. 

Nanaimo  area:  Clapp,  225. 

Texada  Island:  MoCoaneU,  779. 

Thompson  River  valley:  Dryadale,  360. 

Tulameen  district:  Camsell,  197. 

Vancouver  Island:  Clapp,  223. 
California,  Oahuilla  Basin:  Free,  438. 

San  Frsnclsoo  district:  Lawson,  724. 

Santa  Ana  Mountains:  Dlckenon,  341. 

Temblor  Basin:  Anderson  and  Martin,  18. 

Weaverville  quadrangle:  Diller,348. 
Cape  Bnton  Island:  Matthew,  816. 
Costa  Rica,  Tahunanca  region:  MacDonald,  788; 

Mmer,845. 
Cretaceous,  South  Carolina:  Berry,  80. 
Florida:  Vaughan,  1232. 
Florida  reef  tract:  Vaughan,  1231. 
Kansas:  Wooster,  1338. 
Lake  Lahontan:  Jones,  629. 
Maine,  Eastport  quadrangle:  Bastln  and  Wil- 
liams, 60. 
Massachusetts,  Diamond  Hill-Cumberland  di»> 

trict:  Warren  and  Powers,  1256. 
Missouri  River,  Pleistocene  history:  Todd,  1173. 
Nevada,  Lake  (Ahontan:  Jones,  629. 
Nevada,  west  central:  Buwalda,  183. 
New  Brunswick:  Matthew,  8l6. 
New  Jersey,  Raritan  quadrangle:  Bayley  U  ol., 

66. 
New  Mexico,  Gallup  Basin:  Kirk,  682. 
New  York:  Miller,  849. 

Erie  County:  Houghton,  577. 

Long  Island:  Fuller,  441. 

New  York  City:  Berkey  and  Healy,  79. 

North  Creek  quadrangle:  Miller,  850. 

Saratoga  Springs  region:  Cushing  and  Ruedo- 
maim,  296. 
North  Carolina,  Chapel  HUl:  Smith,  1104. 
North  Dakota,  south  central:  Leonard,  737. 
Nova  Scotia,  Arisaig-Antigonish  district:  Wil- 
liams, 1300. 

Joggins  section:  Bell,  77. 
Ontario,  Rainy  Lake:  Lawson,  721. 
Oregon,  Sumpter  quadrangle,  Pardee  and  Hew- 

ett,  918. 
Permsylvania,  Coatesville  quadrangle:    Bliss 

and  Jonas,  101. 
Quebec,  Kewagama  Laice  area:  Wilson,  1313. 

southern:  Dresser,  367. 
Rhode  Island,  Diamond  Hill-Cumberland  dis- 
trict: Warren  and  Powers,  1256. 
South  Carolina:  Rogers,  1013. 
Termessee,  Perry  County:  Wade,  1239. 
Texas,  Van  Horn  quadrangle:  Richardson,  999. 
Utah,  Canyon  Range:  Loughlin,  764. 
Vermont,  western:  Dale,  300. 
Washington ,  northeastern :  Bancroft  ,31. 
Wyoming,  central  western:  Blackwelder,  08. 

Geologic  map  of  the  world:  Margerie,  806. 

Oeologlc  maps. 

Alaska,  Bering  River  field:  Fisher  and  Calvert, 
422. 
Broad  Pass  region:  Mofflt,  855. 
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Gwdoflc  maps— Continued. 

Alaska,  glaclere:  Tarr  and  Martin,  llfi7. 

Hanagita-Brrainer  region:  ICofflt,  854. 

Iditarod-Ruby  region:  Ea]dn,373. 

international  boundary:  Caimes,  189. 

Juneau,  Skagway,  and  Sitka  districts:  Bur- 
cliard,  152. 

mimral  resources:  Brooks,  122. 

Willow  Creek  district:  Capps,  202. 

Yukon-Koyukuk  region:  Eakin,375. 
Alberta,  Blairmore  area:  MacKenzie,  792. 

Sheep  River  £eld:  Dowling,  302. 
Arctic  regions,  Ellesmere  Land:  Holtedahl,  502. 
Arizona,  Shinumo  quadrangle:  Noble,  880. 

Yuma  County:  Blanchard,  06. 
Arkansas,   Fort  Bmith-Poteau  field:  Smith, 

1097. 
British  Columbia,  Boundary  district  (part): 
LeRoy,  738. 

Cranbrook  area:  Schofield,  1040. 

Field  area:  Allan,  5. 

Oaliano,  Mayne,  and  Satuma  islands:  Clapp, 
224. 

Garibaldi  Lake  volcanic  area:  Burwadl,  167, 
109. 

Otaham  Island:  Clapp,  226. 

Groundhog  coal  field:  Mallocfa,  802. 

Nanaimo  area:  Clapp,  225. 

Portland  canal  district:  MoConnell,  780. 

Queen  Charlotte  Sound  and  Burke  Channel: 
Graham,  484. 

Texada  Island:  McConnell,  779. 

Thompson  River  valley:  Drysdale,  360. 

Tulameen  district:  Camsell,  197. 
California,  Alleghany  district:  Ferguson,  417. 

Barstow-Kramer  region:  Pack,  902. 

Coalinga  region:  Pack  and  English,  903. 

Colorado  Desert:  Kew,  653. 

Lake  County:  Dlckenon,  340. 

Livermore  Valley:  Branner,  116. 

Plaoerville  slate  district:  Dale  ei  al. ,  302. 

Rock  Creek  quadrangle:  Dickerson,  342. 

San  Francisco  district:  Lawson,  724. 

Ban  Juan  district:  Anderson  and  Martin,  18. 

Santa  Ana  Mountains:  Dickerson,  341. 

Temblor  Basin:  Anderson  and  Martin,  18. 

WeaverviIlequadiangie:Diller,348;  Ferguson, 
410. 
Colorado:  George,  454. 
Coppermine  River  region:  Sandberg,  1027. 
Cretaceous,  eastern  Gulf  region:  Stephenson, 

1128. 
Georgia,  northern:  Hopkins,  568. 
Idaho,  Aldo*  Credc  district:  Umpleby, :, 

MuUan:  Calkins  and  Jones,  192. 

Sawtooth  quadrangle:  Umpleby,  ISIO 

southeastern:  Richards  and  Mausfleid, 
Illinois,  Galena  and   Elizabeth  quadra 
Cox,  278.  .i^a 

on  fields:  Blatchley,  98. 
Iowa:  Kay,  640. 
Kansas:  Haworth,520. 

Kentucky,  Calhoun  quadrangle:  Hutchinson, 
600. 

Central  City  quadrangle:  Hutchinson,  600. 

Dawson  Springs  quadrangle:  Crider,  283. 

Earlington  quadrangle:  Crkier,  284. 
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Oeologlo  maps— Continued. 

Kentucky,  Madisonviile  quadrangle:  Hutch  in' 
son,  600. 

Newburg  quadrangle:  Hutchinson,  600. 

Pound  quadrangle:  Butts,  180. 
Maine,  Eastport  quadran^e:  Bastin  and  Wil- 
liams, 60. 

Somerset  County:  Clarke,  244. 
Manitoba,    Lake    Winnipeg    region:    Moore, 

860. 
Massachusetts:  Loughlin  and  Hechlnger,  767. 

Diamond  Hill-Cumberland  district:  Warren 
and  Powers,  1256. 

Narragaiusett  basin:  Ashley,  23. 
Michigan:  Smith,  1108. 

Gwtnn  iron  district:  Allen,  14. 

Wayne  County:  Sherzer,  1081. 
Minnesota,  surface  formations:  Leverett,  741. 
Missouri,  northeastern:  Greene,  404. 

Rolla  quadian^e:  Lee,  727. 
Montana,  Big  Sandy  field:  Bowen,  105. 
•         Cleveland  field:  Bowen,  104. 

Dillon  quadrangle  (parts):  Winchdl,  1310. 

EUiston  field:  Stone  and  Bonine,  1149. 

Glacier  Nattonal  Park,  Pleistocene:  Alden,2. 

Musselshell-Judith  area:  Bowen,  103. 

Saltese:  Calkins  and  Jones,  192. 

Sheridan  (Totmty:  Bauer,  64. 
Nevada,  Rochester  district:  Shrader,  1048. 

Yellow  Pine  district:  HiU,  538. 
New  Brunswick,  Carboniferous:  Keele,644. 

Dalhousie:  Clarke,  244. 
New  Jersey:  Lewis  and  Kfimmel,  747. 

Raritan  quadrangle:  Bayley  el  al.,  66. 
New  York:  Miller,  849. 

Attica-Depew  quadrangles:  Luther,  775. 

Long  Island:  Fuller,  441. 

North  Creek  quadrangle:  Miller,  850. 

Saratoga  Springs  quadrangle:    Cushing  and 
Ruedemann,296. 

Schuylerville  quadrangle:  Cushing  and  Rue* 
demann,  296. 

Syracuse  quadrangle:  Hopkins,  571. 
North  Carolina,  Don  River  field:  Stone,  1146. 
North  Dakota,  Cannonball  River  lignite  field: 
Lloyd,  758. 

south  central:  Leonard,  737. 

Standing  Rock  Indian  Reservation:  Calvert 
el  a/.,  193. 
Northwest    Territories,    Coppermine    River: 

Sandberg,  1027. 
Oklahoma-  ^'"*"»  860. 

Ju^^mg^oil  field:  Okla.  G.  S.,  886. 

Fort  Smith-Poteau  field:  Smith,  1097. 

Grandfield  district:  Munn,  869. 
Ontario:  Miller  and  Knight,  848. 

Calabogie  district:  Lindeman,  749. 

Kirkland   Lake  and  Swastika  gold  areas: 
Burrows  and  Hopkins,  164. 

Lake  Huron  region:  Coleman,  264. 

Moose  Mountain  district:  Lindeman,  750. 

Sudbury  area:  Collins,  269. 

Sudbury  district:  Thomas,  1166. 
Oregon,  John  Day  region:  Collier,  266. 

Klamath  Mountains:  Diller,  352. 

Sumpter  quadrangle:    Pardee  and  Hewett, 
918. 
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O«oloflo  map*— Continaed. 

Pennsylvania,  Broadtop  coal  field:    Qardner, 
452,453. 
Coatesville  quadrangle:  Bliss  and  Jonas,  101. 
Susquehanna  River,  buried  cbannel:    Dar- 
ton,309. 
Quebec,  Bell  River  region:  Wilson,  1314. 
Broadback  River  region:  Cooke,  275. 
Kewagama  Lake  area:  Wilson,  1313. 
St.    HUaire    and    Rougemont    mountains: 
O'Neill,  892. 
Rhode  island:  Loughltn  and  Hechlnger,  767. 
Diamond  UiU-Cumberland  district:  Warren 

and  Powers,  1256. 
Narragansett  basin:  Ashley,  23. 
South  Dakota,  Cheyenne  River  Indian  Reser- 
vation: Calvert  et  a/.,  193. 
Standing  Rock  Indian  Restoration:  Calvert 
a  al.,  193. 
Tennessee,  Perry  County:  Wade,  1239. 
Texas,  northern:  Munn,  869. 

Van  Horn  quadrangle:  Richardson,  999.        , 
Triassic:  Hawkins,  520. 
New  Jersey  and  Pennsylvania:    Hawkins, 
520. 
United  States,  limestone  areas:  Burchard  and 
Emley,  156. 
oil  and  gas  fields,  1913:  Day  et  al.,  330. 
slate  deposits:  Dale  et  al.,  302. 
Utah,  Green  River  field:  Lupton,  773. 
San  Francisco  district:  Butler,  172. 
Vermont,  Bennington:  Gordon,  476. 
Greensboro:  Richardson  and  Turner,  996. 
Hardwick:  Richardson  ^oZ.,  997. 
western:  Dale,  300. 
Woodbury:  Richardson  r/ a/.,  997. 
Virginia,  Abingdon  quadrangle:  Stose,  1152. 

Pound  quadrangle:  Butts,  179, 180. 
Washington,  Pierce  County:  Daniels,  308. 
Republic  district:  Lindgren  and  Bancroft, 
753. 
West  Virginia,  economic:  W.  Va.  G.  8.,  1276. 
Kanawha  County:  Krebs  and  Teets,  697. 
Preston  County:  Hennen  and  Reger,  527. 
Wyomhig,  Atlantic  City  district:    Trumbull, 
1185. 
Big  Muddy  dome:  Bamett,  39. 
Douglas  field:  Bamett,  41. 
Lhiooln  County:  Schultz,  1058. 
Moorcroft  field:  Bamett,  40. 
Yukon,  international  boundary:  Cairaes,  186. 

Oeotoffio  time.  ^ 

General'  Miller,  844.         "* 
Postglacial  and  interglacial:  Coleman,  263. 

Geological  surveys.    See  Surveys. 
Geomorphogeny.    See  Physi(^mphic. 
Geomorphology.    See  Physiographic. 

OeorflA. 

Economic. 
Asbestos:  Hopkins,  568,  569. 
Iron,  northwest  (teorgia:  Burchard,  150. 
Slates,  green:  Majniard,  825. 
Soapstone:  Hopkins,  568. 
Tate:  Hopkins,  568.      • 


Georsla-~Contin  ued. 
Stratigraphie, 

Oenerat  Hopkins,  568. 
PaUoniologt. 

Cretaceous,  Upper,  floras:  Berry,  80. 

Eocene  flora:  Berry,  80. 
Petrologf. 

Oeneral'  Hopkins,  568. 

Georgetown  quadrangle,  Ky.r  Miller,  843. 

Oeophyaica. 

Daubh'^  experiment  and  capillarity:  Johnston 
and  Adams,  623. 

Earth's  crust,  strength:  BarreU;  43-45. 

Gravity  anomalies:  Barrell,  47. 

Magmatic  gases:  Meunier,  840. 

Mineral  and  rock  densities  at  high  tempera- 
tures, determination  of:  Day  et  al.,  326. 

Rigidity  of  the  earth:  Michelson,  841. 

Olaoial  feology.    See  alto  Quaternary. 
Oeneral'  Leverett,  745;  Wright,  1346. 
Cause    of   glacial    periods:  Huntington,    509; 

Reagan,  985. 
IntMglacial  beds,  earliest:  Coleman,  265. 
Alaska,  Yakutat  Bay,  Prhice  William  Sound, 
and    Copper    River    region:  Tarr    and 
Martin,  1157. 
British  Columbia,  Tulameen  district:  Camaetl, 
197. 
Vancouver  Island:  Clapp,  223. 
southern:  Clapp,  227. 
California,  Coast  Ranges:  Holway,  566. 

Yosemite,  moraines:  Matthes,  815. 
Canada:  WolfT,  1325. 
Connecticut  Valley:  Fairchild,  400. 
Hudson-Champlain  valley:  Fairchild,  400. 
Iowa:  Hay,  522. 
Cherokee  Coimty,  Nebraskan  drift:  Carman, 

204. 
Des  Mohies-Allerton  section:  Tilton,  1171. 
Johnson    County,    post-Kansan    glaciation: 

Leighton,  730. 
Polk  County:  Tilton,  1172. 
Maine,  Eastport  quadrangle:  Bastin  and  Wil- 
liams, 60. 
Michigan,  Wayne  County:  Sherzer,  1061. 
Minnesota:  Leverett,  740. 
Montana,  Clark  Fork  region:  Davis,  324. 

Glacier  National  Park:  Alden,  2,  3. 
Nebraska,  Kansan  drift:  Barbour,  36. 
New  Hampshire,  Jackson,  moraine:  Fushay, 

434. 
New  Jersey,  Raritan  quadrangle:  Bayley  et  al., 

66. 
^^  York,  east  central:  Rich,  991. 
^^rie  County:  Houghton,  577. 

Long  Island:  Fuller,  441. 

North  Creek  quadrangle:  Miller,  850. 
Saratoga  Springs  region:  Cushing  and  Ruede- 
mann,  296. 
North    Dakota,    Devils-Stump    Lake   region: 

Simpson,  1090. 
Nova  Scotia:  Goldthwait,  471. 
Ontario,  Rainy  River  district:  Johnston,  627. 
Toronto  region:  Coleman,  263. 
Toronto,  Don  River  deposits:  Wright,  1344. 
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Olftobd  ■•ology'-ContlniMd. 

Pennsylvania,  glacial  dam  in  AUegh«ny  Rlvor: 
Wright,  1345. 

Buaquehanna  County:  Wilson,  1312. 

Warren  region:  Wright,  1346. 

Wyoming  Valley:  Darton,  300. 
Quebeo,  Magdalen  Islands:  Ooldthwalt,  474. 
South  Dakota,  Sioux  Falls  region:  Cannan,  205. 
Vermont,  Hardwick:  Rfcfaardson  et  oj.,  907. 

WoodlMiry:  Rkdiardson  rt  ai.,  997. 

Glacial  epoch:  Reagan,  985. 

GlaeJal  lakat.    See  aUo  Beaches;  Shore  lines;  Ter- 


OenemL'  Wr%ht,  1346. 

Algonquin  beach:  Leverett,  743. 

Lake  Agassis,  Ontario:  Johnston,  627. 

Michigan,  Wayne  County:  Sherser,  lORl. 

Montana,  Lake  Missoula:  Stone,  1148. 

New  York,  Erie  County:  Houghton,  577. 
North  Creek  quadrangle:  Miller,  850. 

North  Dakota,  Minnewauken  and  Wamduska: 
Simpson,  1090. 

Ohio,  Craighton  Lake:  Hubbard,  586, 587;  Lev- 
erett, 742. 

Ontario,  Toronto  region:  Wright,  1344. 

Glacier  National  Park:  Alden,  2, 3;  Campbell,  196. 

Glacial  period.    See  Glacial  geology. 

Olaelars. 
Oeneral. 

Variation,  1913:  Reid,989. 
Alaska:  Brooks,  125. 
Yakutat  Bay,  Prince  Wflliam  Sound  and 
Copper  River  region:  Tarrand  Martin,  1157. 
British  Columbia:  OgOvie,  885. 
Montana,  Glacier  National  Park:  Alden,  2, 3. 
Washington,  Mount  Rataiier:  Matthes,  812, 813. 

Glass  iand. 

Indiana:  Barrett,  54. 

Glauconite,  genesis:  Palmer,  914. 
Globe  distrfet,  Arizona:  Tovote,  1178. 

Gokl. 

Oenemi. 

Claasiflcation  of  deposits:  Lindsley,  755. 

Deposition  in  nature:  Lenher,  735. 
Alaska:  Bnxdcs,  124. 

Chisana  district:  Brooks,  123. 

Chisana  field:  Calmes,  188. 

Fairbanks  dbtrfet:  Chapfai,  218. 

Hanagita-Bremner  region:  MoCRt,  854. 

Iditarod-Ruby  region:  Eakin,373. 

Ketchikan  region:  Smith,  1106. 

Matanuska  and  Nelchina  valleys:  Martfai  and 
Mertie,  806. 

Port  Wells  dlstrfct:  Johnson,  618. 

Prince  WilUam  Sound:  Johnson,  617. 

Ruby  dlstrfct:  EaUn,  374. 

Seward  Peninsula:  Chapin,  220, 221. 

Valdes  Creek  dlstrfct:  Mofflt,  856. 

WiUow  Creek  dlstrfct:  Capps,  202. 

Yakataga  dlstrfct:  Maddren,  798. 

Yukon-Koyukuk  region:  Eakin,  375. 

Yukoo-Tanana  r^ion:  Chapin,  219. 


Oold— Continued. 

British  Columbia,  Graham  Island:  MacKensie, 
703. 
Hazelton:  Malloch,  803. 
LOlooet  area:  Bateman,  62. 
Prince  Royal  Island:  MoConnell,  782. 
Quadra  Island:  Calmes,  191. 
Tulameen  dlstrfct:  Camsell,  197. 
California,  Alleghany  dlstrfct:  Ferguson,  417. 
auriferous  gravel  channels:  Ailing,  16. 
Inyo  and  White  Mountahis:  Knopf,  686. 
Weavervllle  quadrangle:  Dlller,  34S;  Fergu- 
son, 416. 
Eastern  States:  McCaskey,  776. 
Idaho,  Dixie  dlstrfct:  Livingston  and  Stew 
art,  757. 
Sai^tooth  quadrangle:  Umpleby,  1210. 
Manitoba,  Rice  Lake  dlstrfct:    Harding,  512; 

Wallace,  1251. 
Montana,  Dillon  quadrangle:  Wincfaell,  1319. 

Marysville  dlstrfct:  Ooodale,  475. 
Nevada,  Rochester  dlstrfct:  Schrader,  1048. 

Yellow  Phie  dlstrfct:  Hill,  538. 
New  Mexico,  Ptaios  Altos  dlstrfct:  Wade,  1241. 
Nova  Scotia,  Cape  Breton  Island,  Clybum  Val- 
ley: Wright,  1360. 
Greenfield  and  Liverpool  areas:   Faribault, 

402. 
Lunenburg  County:  Faribault,  406. 
Oldham  dbtrfct:  Faribault,  408. 
Queens  County:  Faribault,  405. 
Ontarfc,  KirkUnd  Lake  dlstrfct:  Hardhige,  513. 
Klrkland  Lake  and  Swastika  gold  areas:  Bur- 
rows and  Hopkins,  164. 
Mfchiptooten  dlstrfct:  Means,  827. 
Porcupine  dlstrfct:  Dobbs,  356. 
Swastika  area:  Bruce,  142. 
Oregon,  Baker  district:  Grant  and  Cady,  487. 
northeastern:  Swartley,  1155. 
southwestern:  Diller,  352. 
Sumptor  quadrangle:  Pardee  and  Hewett, 
918. 
Quebec,  Kewagama  Lake  area:  Wilson,  1313. 
Saskatchewan,  Beaver  Lake  district:    Bruce, 

144. 
Washington,  northeastern:  Bancroft,  31. 
Republfc  dlstrfct:    Lindgren  and  Bancroft, 
753. 
Wyoming,  Atlantfc  City  dlstrfct:    Trumbull, 
1187. 
Ltaicoln  County:  Schults,  1058. 
Wind  and  Bighorn  rivers:  Schrader,  1047. 
Yukon,  Klondike  dlstrfct:  Bell,  75. 
Klondike  region:  MacLean,  797. 
Gorgosaurus:  Lambe,  708. 

Graham  Island,  British  Columbia:  MacKensie,  708. 
Grand  Canyon,  Ariz.:  Noble,  880. 
Oranlte. 
(Jeneral. 
Hydrothermal  alteratfcn:  Moore,  864. 
Orighi  in  sills:  Schofleld,  1039. 
Colorado,  Gunnison:  Hunter,  505. 
Missouri:  Tan*  and  Neuman,  1160. 
New  York:  Newland,  874. 
Quebec,  eastern:  Mailhfct,  800. 
Vermont,  Hardwfck:  Rfchardson  ft  ar.,  997. 
Woodbury:  Rfchardson  et  al.,  997. 
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Granltkatioii,  regional:  Sederhohn,  1064. 

Graphic  methods  for  solution  of  geologic  problems: 
Smith,  II  n. 

Oimphite. 

Origin:  8tansfleld,1119. 

New  Jersey,  Raritan  quadrangle:  Bayley  et  al., 

66. 
Quebec,  Buckingham  area:  Wilson,  1315. 
United  States:  Bastin,  69. 

Oxmptolites. 

Quebec,  Levis:  Raymond,  961, 982. 

GraTsL 

United  States:  Stone,  1147. 

Gravity  anomalies,  interpretation:  Gflbert,  459. 

Great  Basin,  physiography:  Free,  439. 

Great  Basin  lakes:  Gale,  442. 

Great  Basin  region,  potash  and  salines:  Young,  1352. 

Ctoeealand. 
Mineralogf. 
Usshigite  :B0ggild,lQ2. 

Groundhog  anthracite  field,   British   Columbia: 
Evans,  397. 

Oypnun. 
Oeneral. 

Origfai:  Cole,  259;  Wallace,  1262. 
California,  Bully  Hill  district:  Boyle,  113. 
Iowa:  Kay,  638. 

CentervOle:  Kay,  638. 
Kanitoba:  KJndle,  676;  ICaoLean  and  Wallace 

796.  ^ 

New  York:  Newland,  874. 
Southern  States:  Wilder,  1297. 
Gwinn  district,  Michigan:  Allen,  14. 

Harney  Peak  region,  South  Dakota:  Ziegler,  1355. 

Hawaiian  Islands. 
Dpnamk  and  ttructural. 
Earthquakes,  1868:  Wood,  1328. 
Kilauea:  Day,  325;  Hawaiian  Volcano  Obser- 
vatory, 518,  519. 
Lava  tunnels:  Hobbs,  547. 
Volcanoes,  general:  Jaggar,  612. 
Petrologp. 
Molybdenum,  occurrence:  Fei^uson,  418. 

Hawthorn  formation,   correlation:  Vaughan  and 
Cooke,  1235. 

Histozy,  philosophy,  etc. 

Correlation,  early:  Keyes,  667. 
Geological  Society  of  America:  Fairchild,  401; 
Winchell,  1322. 
of|;anisatian:  Stevenson,  1128. 
Geological  societies  in  United  States:  Winchell, 

1321. 
Gulf  Coastal  Plain  geology:  Smith,  1099. 

Homocrlnus:  Kirk,  683. 

Hot  Springs.    See  Thermal  waters. 

Hone,  evolution:  Matthew,  818. 

Hudson  River,  geology:  Kunt,  700. 

Huronian.    See  Pre^ambrian. 

HypaiTosaurus:  Gilmore,  462. 

Ice  age.    9ee  Glacial  geology.  1 


Ice  aces,  anoiant. 

Massachusetts,  Boston  Basin,  Paleosoic:  La- 
hee,702. 
SquantumtiUite:  SayiflB,  1034. 

Idaho. 
Eoonomk. 

Dixie  district:  Livingstoa  and  Stewart,  757. 

Lead-silver,  Dome  district:  Umpleby,  1209. 

Mackay    copper    deposits,    Idaho:  Umpleby, 
1206,  1209, 1212. 

Mhifaig  industry,  1913:  BeU,  76. 

Mullan:  Calkins  and  Jones,  192. 

Phosphate  deposits  northeast  of  Georgetown: 
Richards  and  Mansfield,  995. 

Sawtooth  quadrangle:  Umpleby,  1210. 

Teton  Basin  coal  field,  Hoiseshoe  Creek  dis- 
trict: Woodruff,  1331. 
Stratiifnphie. 

Cambrian:  BurUng,  157. 

Georgetown  region:  Richards  and  Mansfield, 
995. 

Sawtooth  quadrangle:  Umpleby,  1210. 

Teton  Basin  coal  field.  Horseshoe  Creek  dis- 
trict: Woodruff,  1331. 
POroloffp. 

Coeur  d'Alene  monsonite:  Stewart,  1142. 
MinenUogy. 

ChrysoooUa,  Mackay:  Umpleby,  1211. 

Custerite,  Custer  Co.:  Umpleby  et  al.,  1214. 

Iditarod-Ruby  region,  Alaska:  Eakin,  373. 

Igneoiu  and  Toleaaio  xoeki.    See  alto  Intnistons; 
Magmas. 
Oeneral:  Daly,  304;  Iddhigs,  606. 

Average  igneous  rock:  Mead,  826. 

Classification:  Tyrrell,  1193. 

Eruptive,  use  of  term:  Lahee,  701. 

Ori^:  Daly,  304. 

Pillow  lava,  origin:  Lewis,  746. 

Serpentine:  Julien,  635. 

Silicates,  constitution:  Clarke,  238. 
Alaska,  Hanaglta-Bremner  region:  Mofflt,  854. 

international  boundary:  Caimes,  186. 

Port  Wells  district:  Johnson,  618. 

Yukon-Koyukuk  region:  Eakin,  375. 
Alberta,  Crowsnest  volcanics:  MacKenzle,  794. 
Arizona,  Buckskin  Mountains:  Blanchard,  96. 
Bermuda  Island:  Pirsson,  953, 954. 
British  Columbia,  East  Kootenay:  Schofleld, 
1039, 1040. 1042. 

Boundary  district:  LeRoy,  738. 

Field  area:  Allan,  5. 

Fraser  River  valley:  Bowen,  106. 

Graham  Island:  MacKenzie,  793. 

Moyie  sills:  Bailey,  28. 

Nanaimo  area:  Clapp,  225. 

Purccll  Range:  Schofleld,  1042. 

Savona  area:  Rose,  1016. 

Texada  Island:  McConnell,  779. 

Thompson  River  valley:  Drysdale,  360. 

Vancouver  Island:  Clapp,  223. 
Duncan  area:  Clapp  and  Cooke,  230. 
KjTuquot  Sound:  Clapp,  229. 
California,  Alleghany  district:  Ferguson,  417. 

Bully  Hill  district:  Boyle,  113. 

Inyo  and  White  Mountains:  Knopf,  686. 
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Xgnaovs  and  ▼oloaale  rookt— Contiiiued. 

Oalifornia,    San   Frandsoo  district:  Lawson, 
724. 
WeavenrlUe  quadrangle:  Ferguson,  410. 
Colorado,  Apisbapa  quadrangle:  Cross,  288. 
Georgia,  northern:  Hopkins,  568. 
Idaho,  Alder  Creek  district:  Umpleby,  1209. 
CoBur  d'Alene:  Stewart,  1142. 
Mullan:  Calkins  and  Jones,  102. 
Sawtooth  quadrangle:  Umpleby,  1210. 
Maine,  Eastport  quadrangle:  Bastln  and  Wil- 
liams, 60. 
Ogunqult:  Keeley,647. 
Massachusetts,  Diamond  Hill-Cumberland  dis- 
trict: Warren  and  Powers,  1256. 
Essex  County:  Clapp,  222. 
Pigeon  Cove:  Keeley,  647. 
Montana,  Dillon  quadrangle;  Winchell,  1310. 
Elliston  field:  Stone  and  Bonine,1140. 
Saltese:  Calkins  and  Jones,  102. 
Nevada,  Rochester  district:  Schrader,  1048. 

Yelk>w  Pine  district:  Hill,  538. 
New  Brunswick,  St.  John  area:  Hayes,  523. 
New  Jersey,  Raritan  quadrangle:  Bayley  et  al., 

66. 
New  Mexico,  Sierra  Blanca  field:  Wegemann, 

1268. 
New  York,  Adirondack  region:  Miller,  851. 
Saratoga  Springs  region:  Cushing  and  Ruede- 

mann,  296. 
southeastern:  Fettke,  420. 
Nova  Scotia,  Arisaig-Antigonish  district:  Wil- 
liams, 1300. 
Ontario,  Kirkland  Lake  and  Swastika  gold 
areas:  Burrows  and  Hopkins,  164. 
Lake  Huron  region:  Coleman,  264. 
Rainy  Lake:  Lawson,  721. 
Sudbury  district:  Brackenbury,  114. 
Oregon,  southwestern:  DUler,  352;  Winchell, 

1320. 
Sumpter  quadrangle:  Pardee   and    Hewett, 

918. 
Pennsylvania,    Coatesville    quadrangle:  Bliss 

and  Jones,  101. 
Quebec,  Bell  River  region:  Wilson,  1314. 
Buckingham  area:  Wilson,  1315. 
Kewagama  Lake  area:  Wilson,  1313. 
St.    Hilaire    and    Rougemont    mountains: 

O'Neill,  892. 
southern:  Dresser,  367. 
Rhode  Island,  Diamond  Hill-Cumberland  dis- 
trict: Warren  and  Powers,  1256. 
Texas,  Van  Horn  quadrangle:  Richardson,  099. 
Utah,  Canyon  Range:  Loughlin,  764. 
San  Francisco  district:  Butler,  172. 
Vermont,  Greensboro:  Richardson  and  Turner, 

OoO. 

Hard  wick:  Richardson  et  al.,  007. 

Woodbury:  Richardson  et  al.,  007. 
Washington,  northeastern:  Bancroft,  31. 
Yukon,  international  boundary:  Calmes,  186. 

White  River  district:  Calmes,  190. 

Igneous  intrusion.    See  Intrusions. 


IlUaoii. 
Oeneral. 

Chicago,  bed-rock  topography:  Peattie,026. 
Economic. 
Bond,  Macoupin,  and  Montgomery  ooonties 

Blatchley,  100. 
Greenville  gas  field:  Blatchley,  100. 
Lead  and  sine,  northwestern  Illinois:  Cox,  278. 
Oil,  Plymouth  field:  Blatchley,  00. 
OH  and  gas,  Colchester  and  Macomb  quadran- 
gles: Hinds,  543. 
Oilfields:  Wheeler,  1277. 
Crawford  and  Lawrence  counties:  Blatchley, 
08. 
Dfnamk  and  ttruetural. 
Accumulation  of  coal  beds:  Savage,  1032. 
Earthquake,  January  2, 1012:  Udden,  1100. 
Tufa,  Danville:  Decker,  332. 
Stratigrapkie. 
OeneniL  Blatchley,  100. 
Alexandrian  series:  Savage,  1031. 
Bond,  Macoupin,  and  Montgomery  counties: 

Blatchley,  100. 
Borings:  Udden,  1200. 
La  Salle:  Cady,  185. 
Chester  group:  Weller,  1260. 
Colchester  and  Macomb  quadrangles:  Hinds, 

543. 
Crawford  County:  Blatchley,  08. 
Devonian,  Rock  Island  region:  Ekblaw,  385. 
Lawrence  County:  Blatchley,  08. 
Northwestern  Illinois:  Cox,  278. 
Section,  Rock  Island- Joliet:  Cady,  185. 
Sangamon  County  limestones:  Crook,  285. 
Paleontology. 
Mississippian  Brachlopoda:  Weller,  1270. 

Indiana. 
Oeneral. 

Survey,  38th  report:  Barrett,  52. 
Economic. 
Glass  sands:  Barrett,  54. 
Sullivan  County  oil  field:  Barrett,  53. 
Stratiffnphic. 
Clnclnnatian  series.  Tanners  Creek  section: 

Cumings  and  Galloway,  295. 
Richmond,  upper:  Shideler,  1062. 
Paleontology. 
Clnclnnatian  series.  Tanners  Creek  section: 

Cumings  and  Galloway,  206. 
Cordaitean  wood,  black  shale:   Elkins  and 

Wieland,  386. 
Gastropoda,  Spergen:  Roundy,  1018. 

Inaecta. 

Colorado,  Florissant:  Cockerell,  266. 
BombyliidK:  Cockerell,  250. 
Coleoptera:  Wlckham,  1202. 
Diptera:  Cockerell,  254. 
Orthoptera:  Cockerell,  252. 
sawfly:  Cockerell,  253. 

Interference  ripples:  Kindle,  674. 

Intraformational  corrugation:  Clarke,  245. 
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latnuloBi.    8u  alto  Dikes;  Igneous  and  volcanic 
rocks;  Laccoliths;  Magmas. 
Otneral:  Iddings,  603. 
Boulder  batholith:  Knopf,  688. 
British  Columbia,  Field  area:  Allan,  5. 
Montana,  Butte:  Lawaon,  722. 
New  Jersey,  Highlands:  Fenner,  413. 
South  Dakota,  Black  Hills,  granite  intrusion: 
Paige,  906. 

Ziifertebxata  (general).  See  aUo  Anthoioa, 
Brachiopoda,  Bryoioa,  Crustacea,  Echi- 
nodermata,  Foraminifera,  Inaecta, 
Mollusca,  Problematica,  Spongida,  and 
Vermes. 

Anticosti  Island  faunas:  Twenhofel,  1190. 

Arctic  regions.  EUesmere  Land:  Holtedahl,562. 

British  Columbia,   Queen  Charlotte  Island: 
Burwash,  166. 

California,  Fernando  group:  English,  393. 
,        Ban  Juan  district:  Anderson  and  Martin,  18. 
'        Temblor  Basin:  Anderson  and  Martin,  18. 

Canada:  Kindle,  678, 679. 

CarboniiiBrouB,  West  Virginia,   Preston   Co.: 
Price,  963. 

Devonian,  Oriskany,  Parlin,  Maine:  Pirsson 
and  Schuchert,  955. 

Lorraine   faunas,   New    York   and    Quebec: 
Foerste,  428. 

Maine,  Devonian:  Clarke,  244. 

Martines  fauna.  Eocene:  Dickerson,  340. 

Michigan,  Dundee  limestone  fauna:  Orabau, 
482. 

New  Brunswick,  Devonian:  Clarke,  244. 

New  York,  Devonian:  Clarke,  244. 

Rectogloma:  Van  Tuyl  and  Berckhemer,  1227. 

Rogers  Gap  fauna,  Kentucky:  Foerste,  427. 

Tertiary,  California:  Anderson  and  Martin,  18. 

Triassic,  marine:  Smith,  1102. 

West  Virginia,  Kanawha  County:  Price,  962. 

lone  fcnnation,  California:  Dickenson,  346. 

Iowa. 

OeneraL 

Northeastern  Iowa:  Trowbridge,  1180. 

Report  State  geologist:  Kay,  640, 641. 
Economic. 

Coal  analyses:  Hixson,  544. 

Gypsum,  CentervlUe,  Appanoose  County:  Kay 
638. 

Mineral  production,  1911  and  1912:  Kay,  642. 

Road    and    concrete    materials:  Beyer    and 
Wright,  90. 
PkpHograpMc. 

Qtneral:  Lees,  729. 

Drainage  changes:  Lees,  729. 

Earth  movements:  Lees,  729. 
Stmtigraphic. 

Otneral:  Keyes,  660. 

Alexandrian  series:  Savage,  1031. 

Bethany  limestone:  Tilton,  1170. 

Boring,  Bedford:  Kay,  640. 

Carboniferous:  Tilton,  1170. 

Carboniferous  terranes,  correlation:  Keyes,  661. 

Chart  of  formations:  Keyes,  666. 

Cretaceous  terranes:  Keyes,  655. 

Devonian:  Keyes,  657. 

Drift,  Cedar  Rapids  region:  Shipton,  1085. 
southwestern  Iowa:  Qow,  481. 


Iowa— Continued. 
iSfro/i^rapJkle— Continued. 
Graf  section:  Thomas,  1166. 
Ice  ages:  Keyes,  664. 
Nebraakan  drift.  Little  Sioux  Valley,  Cherokee 

County:  Carman,  204. 
Pleistocene:  Hay,  522. 
Pleistocene  section,  Des  Moines  to  AUerton:  Tilton, 

1171. 
Post-Kansan  glaciation,  Johnson  County:  Leigh- 
ton,  730. 
Pr»<^ambrian:  Keyes,  662, 668. 
Sioux  quartzite:  Keyes,  668. 
Tertiary  beds:  Keyes,  656. 
Wiaoonsin  drift,  Polk  Co,:  Tilton,  1172. 
Poleontoloiff. 
Cactocrinus:  Wood,  1326. 
Pleistocene  Mammalia:  Hay,  522. 
Psaronius:  Farr,  407. 
Petroloffif. 
Dolomite:  Knight,  684. 

Iron. 

General:  Eckel,  383. 

Genesis  of  Paleosoic  interbedded  deposits: 
Earle,  380. 

Titaniferous  ores,  origin:  St.  Clair,  1020. 
Akibama,  northeast:  Burchard,  150. 

RussellviUe  district:  Sawyer,  1033. 
Arixona,  Buckskin  Mountains:  Blanchard,  96. 
British  Columbia,  Texada  Island:  McConnell, 

779. 
California:  DiUer,  353. 
Colorado,  Leadville:  Ai^gall,  20. 
Cuba:  Woodbridge,  1329. 
Georgia,  northwest:  Burchard,  150. 
Kentucky,  Edmonson  and  Grayson  oountfas: 

Bryant,  147. 
Lake  Superior:  Leith,  733. 
Michigan:  Allen,  11. 
Mississippi:  Lowe,  768. 
Montana,  Blackfeet  Reservation:    Stebnger, 

1124. 
Newfoundland,  Wabana  ore:  Hayes,  524 
New  Jersey,  Raritan  quadrangle:  Bayley  et  al., 

66. 
New  York:  Newland,  874. 
Nova  Scotia,  Arisalg-Antigonish  district:  Wil- 
liams,  1300. 

Cape  Breton:  Lindeman,  751. 
Ontario,  Calabogie  distict:  Lindeman,  749. 

Moose  Mountain:  Collins,  268;  Lindeman,  75a 

southeastern:  Miller  and  Knight,  848. 
Quebec:  Dulleux,  371. 
Tennessee,  eastern:  Biut!hard,  150. 

Waynesboro  quadrangle:  Drake,  366. 
United  States:  Burchard,  155. 
Wiaoonsin,  "Clinton"  ore:  Thwaites,  1169. 

Isottaiy. 

OeneraL'  Barrell,  46-49;   Bowie,  110;   Holland, 

558;  Spencer,  1117. 
Asthenosphere:  Barrell,  47. 
Earth's  crust,  strength:  Barrell,  43-45. 
Geodetic  evidmce:  Bowie,  111. 
Gravity  anomalies:  BarreU,47;  Gilbert,  459. 

Isotelus  gigas,  ontogeny:  Raymond,  979. 

Jointing. 

Laws  of  jointing:  Stevens,  1136. 
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JvraMlo. 
Stratigrapkjf. 
Alaska,  Hana|;lta-Breinner  region:  Mofflt,  854. 
Alberta,  Sheep  River  field:  Dowltng,  362,  364. 

South  Fork  district:  MacKensle,  792. 
British  Cdiunbia,  Graham  Island:  Ciapp,  226; 
ICacKenxle,  703. 
Nanaimo  area:  Clapp,  225. 
Prinoe  Rupert- Aldermere:  McConnell,  781. 
Quadra  Island:  Caimes,  191. 
Texada  Island:  MoCconeU,  779. 
Thompson  River  valley:  Drysdale,  369. 
Tulameen  district:  CamseU,  197. 
British  Columbia,  Vancouver  Island:  Clapp, 
223. 
Duncan  area:  Clapp  and  Cooke,  230. 
Kyuquot  Sound:  Clapp,  229. 
southern:  Clapp,  227. 
California,  Coalinga  region:  Pack  and  English, 
903. 
Ban  Fxandsoo  district:  Lawaon,  724. 
Cdorado,  southwestern:  Cross  and  Larsen,  290. 
Idaho,  southeastern:  lUchards  and  Mansfield, 

995. 
ICoitana,  Cleveland  field:  Bowen,  104. 
Oregon,  southwestern:  DIller,352. 

southwestern:  WincheU,  1320. 
Utah,  Green  River  field:  Lupton,  773. 
Wyoming,  Big  Muddy  dome:  Bamett,  39. 
Douglas  field:  Bamett,  41. 
Lincofai  County:  Schults,  1058. 
Shoshone  River  section:  Hewett,  534. 

Alaska,  Cape  Lisbume,  Jurassic  flora:  Knowl- 
ton,  690. 

Kanawha  series:  Hennen,  526. 


OtfUTOl. 

Geologic  history:  Wooster,  1338. 
atratignpkie. 
Moraine,  Topeka:  Wooster,  1337. 

Paleontoloffff- 

Cretaceous  vertebrates:  Sternberg,  1131. 

Fish  locality:  Twenhofel  and  Dunbar,  1191. 

Pennsylvania  vertebrates:  Twenhofel,  1188. 

Platygonus;  Peterson,  937. 
Underpround  water. 

Ground-water  table,  lowering  of:  Cook,  274. 

WeU  waters:  Haworth,  52a 

Kaolin. 

Otneral:  McDonald,  790. 

Xeatncky. 
Cfenenl. 
Dix  River:  Foerste,  423. 
Ordovician  rocks,  composition:  Foerste,  425. 
Report  of  Geological  Survey:  Hoeing,  554. 
Economic. 
Asphalt  rock:  Crump,  294. 
Barytes:  Fobs,  430. 
Clay:  Crider,  282;  Easton,382. 
Coal,  analyses:  Hoeing,  556. 
Big  Sandy  Valley:  Hoeing,  555. 
Boll  Creek  region:  Hodge,  552. 
Carr  Fork  field:  Hodge,  552. 
Kentucky  River,  Perry  and  Knott  counties: 

Hodge,  661. 
Licking  River,  MagofiOn  County:  Hodge,  550. 


Keatneky— Continued. 
i?eoiiofiiic— Continued . 

Coal,  North  Fork  of  Kentucky  River:  Hoeing, 
555. 
Pound  quadrangle:  Butts,  180l 
western  field:  Hutchinson,  600. 

Dawson  Springs  quadrangle:  Crider,  283. 

Earlington  quadrangle:  Crider,  284. 

Edmonson  County:  Bryant,  147. 

Fire  clays:  Crider,  282. 

Grayson  County:  Bryant,  147. 

Oolitic  limestones,  Warren  County:  Crump, 
293. 

Owensboro  quadran^e:  Crider,  28L 

Phosphate,  central  Kentucky:  Foerste,  426. 

Soils:  Jones,  632. 

Tell  City  quadrangle:  Crider,  281. 

Waverly  formation:  Morse  and  Foente,  867. 

Wayne  County:  Munn,  869. 
Btntiffraphk.  * 

Central  Kentucky:  Foerste,  426. 

Dawson  Springs  quadrangle:  Crider,  288. 

Earlington  quadrani^e:  Crider,  284. 

Edmonson  County:  Bryant,  147. 

Georgetown  quadran^e:  Miller,  843. 

Grayson  County:  Bryant,  147. 

North  central  Kentucky:  Foerste,  427. 

Ordovician,  central  Kentucky:  Foerste,  425. 

Pound  quadrangle:  Butts,  180. 

Waveriy  formation:  Morse  and  Foerste,  867. 

Wayne  County:  Munn,  869. 

Western  coal  field:  Hutchinson,  600. 
PaUofUologjf. 

Cystoidea:  Foerste,  429. 

Georgetown  quadrangle:  Miller,  843. 

Ordovician  faunas:  Foerste,  424. 

Plants,  Waverly,  Boyle  County:  Scott  and 
Jeffrey,  1061. 

Rogers  Gap  fiauna:  Foerste,  427. 

« 

KewagamaLake  area,  Quebec:  Wilson,  1313. 

Kirkland    Lake  district,  Ontario:  Hardinge,  613; 
Spearman,  1116. 

Klondike  region:  MacLean,  797. 

lAOCOlithS. 

Montana,  Butte:  Lawson,  722. 

Lakes.    See  also  Glacial  lakes. 
Florida:  Bollards,  1068, 1073. 
Great  Basin  region:  Gale,  442. 
North    Dakota,    Devils-Stump    Lake  region: 

Simpson,  1090. 
Pennsylvania,  Susquehanna  County:  Wilson, 

1312. 
Wisconsin:  Birge  and  Juday,  91. 

Lakes,  glacial.    See  Glacial  hikes. 

Lamellibranchiata.    See  Pelecypoda. 

Lance  formation,  age:  Brown,  133;  Knowlton,  692; 

Stanton,  1122. 
Landatidei. 

OeneraL'  Hovey,  579. 

Lassen  Peak,  eruptions:  Dlller,  351. 

lATa. 

General:  Buttram,    177;  Iddings,    603;  Lewis, 

746. 
Pillow  lava,  origin:  Lewis,  746. 
Alaska,  Prince  William  Sound:  Capps,  203. 
Hawaii:  Ferguson,  418. 
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Lava  tunnels:  Hobbs,  547. 


British  Columbia,  Field  area:  Allan,  5. 
California,  Darwin  district:  Knopf,  687. 

Inyo  and  White  Mountains:  Knopf,  A86. 
Central  States:  Butler  and  Dunlop,  175. 
Eastern  States:  McCaskey.  776. 
Idaho,  Dome  district:  Umpleby,  1209. 

Mullan:  Calkins  and  Jones,  193. 

Sawtooth  quadrangle:  Umpleby,  1210. 
Illinois,  northwestern:  Cox,  278. 
Mexico,   Zimapan  (Hidalgo):   Lindgren  and 

Whitehead,  754. 
Missouri,  southeastern:  Cantwdl,  201;  Nason, 

872. 
Montana,  Dillon  quadrangle:  Winchell,  1319. 

Park  County:  Gardner,  451. 

Baltese:  Calkins  and  Jones,  192. 
New  Mexico,  Organ  Mountain  district:  Welsh, 

1274. 
Oklahoma,  Arbuckle  Mountains:  Becker,  71. 
United  States:  Siebenthal,  1087. 
Utah,  Canyon  Range:  Loughlin,  764. 

San  Francisco  distrfct:  Butler,  172. 
Washington,  northeastern:  Bancroft,  31. 

Leptooeratops,  Alberta:  Brown,  137. 

Lignite.   Seealm}CoaX. 

Montana,  Sheridan  County:  Bauer,  64. 
North  Dakota,  Cannonball  River  lignite  Held: 
Lloyd,  758. 
south  central:  Leonard,  737. 
Standhig  Rock  Indian  Reservation:  Calvert 
et  a/.,  193. 
Oregon,  John  Day  re^on:  Collier,  266. 
South  Dakota,  Cheyenne  River  Indian  Reser- 
vation: Calvert  et  al.,  193. 
Standing  Rock  Indian  Reservatk>n:  Calvert 
et  al.,  193. 
Texas:  Phillips  and  WorreH,  950. 

Lime. 

United    States:  Burchard    and    Emley,    156; 
Stone,  1147. 

Limeatone. 

Qeneral: 

Algal  agency  in  fwmation:  Walcott,  1246. 

Orighi:  Dale,  300. 
Kentucky,  Warren  County:  Crump,  293. 
Maryland:  Orasty,  489. 
New  York:  Newland,  874. 
Oregon:  William*),  1299. 
United  States:  Burchard  and  Emley,  156. 

Uthla  minemla. 

South  Dakota,  Harney  Peak  region:  Ziegler, 

1355. 
Little  Lake  district,  Michigan:  Allen  and  Barrett, 

15. 
Livermore  Valley,  California:  Branner,  116;  I^aw- 

son,  720. 
Lockaton^  formation,  Triassfe:  Hawkins,  520. 


OewTol:  Hay,  522;  Shaw,  1077. 
CharacterLstirs:  Oow,  481. 
Origin:  Shaw,  1077. 


TionleiaM . 
Oenerai. 

Mud  lumps  of  Mississippi  River:  Shaw,  1075. 
Pkptiognpkk, 

Mississ^pi  delta:  Shaw,  1078. 

Lower  Silurian.    See  Ordovlclan. 

Lyaorophus,  Permian,  Texas:  Huene,  588. 

Mackay  copper  deposits,  Idaho:  Umpleby,  1206, 
1209. 

Magmai .    See  aUo  Intrusfons. 

General-  Daly,  304;  Iddhig;;,  603. 
Adirondack  r^ion:  Miller,  851. 
Differentiatkin:  Harker,  514;  Iddinfl^,  604. 
Fractional  crystallisation:  Harker,  514. 
Qranitisation,  regional:  Sederholm,  1064. 
Harney  Peak  regk>n.    South    Dakota:  Zlegler, 

1354. 
Magmatic  gases:  Meunier,  840. 
New  Jersey,  Highlands:  Fenner,  412, 413. 
New  York,  Adlrondacks:  MUler,  851. 
South  Dakota,  Black  Hills,  granite  intrusion: 

Paige,  906. 

Mafneiite. 

Oenerai:  Morganroth,  865. 

California:  Gale,  448. 

Nevada:  Gale,  448. 

United  States:  Yale  and  Gale,  1351. 

Magnstita. 

Montana,    Blackfeet    Reservation:  Stebinger, 
1124. 


Oenerai. 

Mount  Desert  Island:  Morse,  866. 
Economic. 

Eastport  quadrangle:  Bastin  and  Williams,  00. 
Phjfeiograpkk. 

Eastport  quadrangle:  Bastin  and  Williams,  60. 
Statigraphie. 

Devonian,  Chapman  Plantation:  Clarke,  244. 
Somerset  County:  Clarke,  244. 

Eastport  quadrangle:  Bastin  and  Williams,  60. 

Oriskany  formation,   Parlin  Stream:  Pirsson 
and  Schuchert,  955. 
Paleontology. 

Devonian,  Somerset  County:  Clarke,  244. 

Oriskany  liauna,  Parlin  Stream:  Pirsson  and 
Schuchert,  955. 
Petrologif. 

Igneous  rocks,  Ogunqult:  Keeley,  647. 

Mamnalia. 

Artkxlactyla,  bunodont:  Sinclair,  1001. 

Brontotherlum,  restoration:  Osbom,  897. 

California,  Rancho  La  Brea,  mylodont  sloths: 
Stock,  1143. 

Castoroides,  Madison  County,  N.  Y.:  Smith, 
1094. 

Challcotheroidea,  osteology:  Holland  and  Peter- 
son. 

Connecticut,  Farmington,  mastodon:  Lull,  772. 

Cut>a:  Matthew,  822. 

Cumberland  Pleistocene  fauna:  Gidley,  457. 

Delphlnoid  cetacean,  Maryland:  True,  1184. 

Diplooeras,  Uinta  Eocene:  Peterson,  935. 
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MamBuUia— Contlnned. 

DoUchorhinus,  Uinta  beds:  Peter9on,939. 
Dolphin,  California:  Lull,  771. 
Elephant,  evolution:  Lull,  770. 

restorations:  Osbom,  898. 
Eocene  faunas:  Matthew,  821. 
Eotltanops,  restoration:  Osbom,  897. 
Eotitanotherium:  Peterson,  938. 
Heterotitanops,  Uinta  beds:  Peterson,  936. 
Horse,  evolution:  Matthew,  818. 
Iowa,  Pleistocene:  Uay,  523. 
Mastodon,  restorations:  Osbom,  808. 
Multituberculata:  Broom,  127. 
Mylodontidse,  Rancho  La  Brea,  Cal.:  Stock, 

1143. 
Nebraska,  Brown  County:  Barbour,  35. 
Nevada,  northeastern:  Merriam,  833. 
Truckee  beds,  proboscidean  tooth:  Buwalda, 

182. 
New  York,  Onondaga  Lake:  Smith,  1096. 
Notharctus,  Eocene  lemuroid:  Gregory,  496. 
Origin:  Broom,  129. 
Platygonus,  Kansas:  Peterson,  937. 
Promerycochoerus,  Nebraska:  Peterson,  040. 
Pyrotherium  fauna:  Loomis,  761,  762. 
Seaotter  (Latax):  Taylor,  1162. 
Sloth,  mylodont,  Rancho  La  Brea,  Cal.:  Stock, 

1144. 
Tertiary  correlation:  Merriam,  832. 
Titanothere,  Uinta  Eocene:  Peterson,  935. 
Titanotheres,  phylogeny:  Osbom,  896,  900. 

Mammoth  Cave,  bibltography:  Hovey  and  Call, 
580. 

Kaa^foaail. 

Calif^nnia,  Rancho  La  Brea:  Merriam,  830, 831. 


Newfoundland:  Dale,  299. 
United  States:  Hewett,  535. 

Manitoba. 
Economic. 
Oypsum:  MacLean  and  Wallace,  796. 

Gypsumvllle:  Wallace,  1252. 
Rice  Lake  gold  district:    Harding,  512;  Wal- 
lace, 1251. 
Saline  springs:  Cole,  260. 
Salt:  MacLean  and  Wallace,  796. 
StraUgmphk. 
Devonian:  Kindle,  676. 
Lake  Winnipeg  region:  Moore,  860. 
Pre-Cambrian:  Miller  and  Knight,  848. 
Sflurian:  Khidle,  676. 

Paroloff9- 
Lake  Winnipeg  region:  Moore,  860. 

Map  making.    Set  Cartography. 

Mi^.    See  Cartography  and  Geologic  maps. 

Marble. 

Alaska,  Jun«ui,  Skagway,  and  Sitka  distrlcls: 

Burchard,  152. 
California,  Barstow:  Pack,  901. 
New  York:  Newland,  874. 
Vermont:  Perkins,  932. 
eastern:  Dale,  301. 
western:  Dale,  300. 

Marquesas  atoll:  Vaughan,  1231. 


Mazyland. 
Economic. 

Copper  ores.  New   London  mine,   Frederick 
County,  Butler  and  McCaskey,  176. 

Limestones:  Grasty,  489. 
Stratigraphic. 

Limestones:  Grasty,  489. 
PaleofUoloffp. 

Cretaceous  floras:  Berry,  84. 

Delphinoid  cetacean,  MkKwne:  True,  1184. 

Maaaaehuaetta. 
StratigTaphic. 
Cumberland-Diamond   HOI  district:   Warren 

and  Powers,  1256. 
Diamond   Hill-Cumberland  district:   Warren 

and  Powers,  1256. 
Glaciation,   Paleozoic,  Boston   Baslzi:  Lahee, 

702. 
Narragansett  Basin:  Loughlin  and  Hechinger, 

767. 
Squantum  tilllte:  Sayles,  1034. 
PaUontology. 
Paradoxides  hasrwardl,  Bralntree:  Raymond, 

978. 
Unios,  Triassic:  Troxell,  1183. 
Vitrinella,  Boston:  Happ,  231. 
Petroloffff. 
Diamond   Hill-Cumberland   district:   Warren 

and  Powers,  1256. 
Igneous  rocks,  Essex  County:  dapp,  222. 
Igneous  rocks,  Pigeon  Cove:  Keeley,  647. 

MaatodOB. 

Connecticut:  Schuchert,1052. 
Nebraska,  Brown  County:  Barbour,  35. 

Meandering. 

Oeneral:  Purdue,  971. 

Medina  formation:  Schuchert,  1064. 

Medina  sandstone:  Kindle,  080. 

Mednan.    See  dUo  Hydrozoa. 

Carboniferous  jellyfish,  Nebraska:  Barbour,  37. 

Meetings.    See  Associations. 

Menominee  iron  range,  extension  eastward:  Allen, 
13. 

Mercury.    See  Quicksilver. 

Meaoaoic  (undifferentiated). 

Alaska,  international  boundary:  Caimes,  186. 

Yukon-Koyukuk  region:  Eakin,  375. 
Yiikon,  international  boundary:  Caimes,  ISG. 

White  River  district:  Caimes,  190. 

Metallic  elements,  relative  abundance:  Clarke  and 
Steiger,  240. 

Metamorphlsm. 

Coal:  White  and  Thiessen,  1285. 
Crystalloblastic  order:  Lahee,  703. 
Hydrothermal  alteration  of  granite:  Moore,  864. 
Idaho,  Mackay:  Umpleby,  1208. 
Secondary  silicate  zones;  Higgins,  536;  Uglow, 

1206. 
Utah,  San  Francisco  district:  Butler,  172. 

Meteor  Crater,  Arizona:  Merrill,  836. 
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X«taoxlt«i. 

Otnerat  Pickering,  062. 

Compoaition,  relation  to  earth:   Farrington, 
406. 

Origin:  Pickering,  051. 
Ahumada,  Chihuahua,  Mexico:  Farrlngton,  4fl0. 
Arispe,  Aris.:  Farrington,  400. 
Bishop  Canyon,  Colo.:  Farrington,  400. 
Davis  Mountains,  Tex.:  Farrington,  400. 
Olorieta,  N.  Mex.:  Hills,  542. 
KUboum,  Wis.:  Farrington,  400. 

llaxloo. 
Otneral, 

Bibliography:  Thayer,  1164. 
EeoTUtrnk. 
Michoacan:  Orotbe  and  Balasar,  501;  Salazar 

Salhias,  1022. 
Oil  fields:  Ordoflez,  803. 
Zimapan,  Hidalgo,  Jamesonite  deposit:  Lind- 
gren  and  Whitehead,  754. 
MhuTohgif. 
Meteorites,  Ahumada,  Chihuahua:  Farrington, 
400. 
Mica. 

British  Columbia,  Tete  Jaune  Cache  and  Big 

Bend  districts:  De  Schmid,  335. 
Canada:  De  Schmid,  334. 
New  Hampshire,  Grafton:  Pulsifer,  066. 
New  York:  Newland,  874. 
Ontario:  De  Schmid,  334. 
Quebec:  De  Schmid,  334. 
South  Dakota,  Harney  Peak  region:  Ziegler, 

1355. 
United  States:  Sterrett,  1133, 1134. 

Mlohlfan. 

Ofneral. 

Director's  report:  Allen,  12. 
Eeonomk. 

Copper  in  1013:  Here,  573. 

Iron:  Allen,  11. 

Menominee   iron  range,  extension  eastward: 
Allen,  13. 

Mineral  resources:  Allen,  0, 10. 
nonmetallic  minerals:  Smith,  1100. 

Natural  gas:  Smith,  1108. 

Petroleum:  Smith,  1108. 

Saginaw  oil  field:  Smith,  1107. 

Salt  deposits:  Cook,  273. 

Wayne  County:  Sherzer,  1061. 
PhytiogTapkic. 

Wayne  County:  Sherzer,  1081. 
Stratiffraphie. 

General-  Smith,  1108. 

Owinn  iron  district,  pre-Cambrian:  Allen,  14. 

Little  I«ake  district,  pre-Cambrian:  Allen  and 
Barrett,  15. 

Wayne  County:  Sherzer,  1081. 
PdUoTUolagy. 

Dundee  limestone  fauna:  Qrabau,  482. 
Migration  of  poles:  Barrell,  51. 

Mine  waters. 

Ore-bearing  currants:  Lane,  715. 

Mineral  paints. 

United  States:  Hill,  54a 


Miaaral  XMonroet  (general).  See  aUo   Eamomk 
under  the  namee  of  States. 
Southern  Stotes:  Pratt,  061. 
United  States:  Smith,  1101. 

Mlaaral  waten. 

New  York:  Newland,  874. 
Saratoga  Springs  region:  Cushing  and  Ruede- 
mann,206. 
United  States:  Dole,  358. 

Mineralizing  solutions,  intrusire  pressure:  Stevens, 
1138. 

Mineraloty  (general).  See  aho  Meteorites;  Tech- 
nique. For  rtgionaly  see  namet  of  States. 
For  particfiiar  mineraiSf  see  list,  p. 

Amphiboles,  optical  study:  Ford,  432. 

Azurite  and  alamosite:  Merwin,  838. 

Binary  system  MgO-SiOt:  Bowen  and  Ander- 
sen,  100. 

Bomite,  composition:  Kraus  and  Ooldsberry, 
606. 

Determination  of  minerals:  nobbs,548. 

Determination  of  common  min«tds  and  rocks, 
tables  for:  Tarr,  1150. 

Interpretation  of  mineral  analyses:  WeUs,  1272. 

Isomorphism  between  calcite  and  dolomite: 
Foot  and  Bradley,  431. 

Microscope,  refiecting:  Ray,  076. 

Nomenclature:  Rogers,  1011;  ^lierry,  1280. 

Sulpho-mlnerals:  Kraus  and  Golsberry,  606. 

Ternary  system;  diopside,  forsterite,  silica: 
Bowen,  107. 

Tests  on  opaque  minerals:  Bruoe,  143. 

Textbook:  Foye,  435. 

Variations  in  composition:  Wherry,  1270. 

Mining  subsidence:  Knox,  604. 

Miniieiota. 

Economic. 

Clays  and  shales:  Orout  and  Soper,  502. 
StratigrajAk. 

General:  Grout  and  Soper,  502. 

Map  of  surface  formations:  Leverett,  741. 

Pleistocene:  Leverett,  740. 
Paleontology' 

Dikelocephalime,  Cambrian:  Walcott,  1244. 

Mkxwne.    See  Tertiary. 

Misaiaaippi. 
General, 

Soils:  Logan,  700. 
Eeonomk. 

Iron:  Lowe,  768. 
Paleontology. 

Nipadites,  Eocene:  Berry,  81. 

Mississippian.    See  Carboniferous. 

Xiuonri. 
Economic. 
C/oal, northeastern  Mo.:  Greene,  404. 
Oranites:  Tarr  and  Neuman,  1160. 
Lead,   southeastern    Missouri:  Cantwell,  201; 

Nason,  872. 
Tripoli:  Plumb,  057. 
Physiographk. 
Stream  piracy,  southeast  Missouri:  Dake,  208. 
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Mluonil— Continued. 
Stratiffrttphie, 

Alexandrian  series:  Keyes,  650.. 

Devonian,  Pike  County:  Branson,  118. 

Northeastern  Missouri:  Greene,  494. 

Southeastern  Missouri:  WeUer  and  Mehl,  1271. 
Paiecntoloffif. 

Devonian  fishes:  Branson,  118. 

Post-Pliooene  shells,  Frovidenee  and  Lupus: 
Sampson,  1026. 

Missouri  River,  Pleistocene  history:  Todd,  1173. 
Mottnaoa.    See  alto  Cephalopoda,  Gastropoda,  and 
Pelecypoda. 
Antigua,  Tertiary:  Brown,  130. 
CaUfonik,  Eocene  horizons:  Waring,  1254. 

Pleistocene:  Oldroyd,  887. 

San  Juan  district:  Anderson  and  Martin,  18. 

Temblor  Basin:  Anderson  and  Martin,  18. 
Martines  fiiuna,  Eocene:  Dickeraon,  340, 343. 
Miocene:  Olsson,  888. 
Missouri,  post-Pliocene:  Sampson,  1026. 
Neocene,  Atlantic  Coastal  Plafai:  Olsson,  880. 

California:  Martin,  807. 
Oregon,  Roseburg  quadrangle:  DIckerson,  347. 
Tertiary,  California:  Anderson  and  Martin,  IS. 

New  Mexico:  Cockerell,  240. 

New  York,  Long  Island:  Gratacap,  491. 

Wyoming:  Cockerell,  249. 

Mollusooidea.    5m  Brachiopoda  and  Bryosoa. 

Molybdemim. 

United  States:  Hess,  529. 

Monocloofus,  Alberta:  Brown,  135. 

XoataBA. 

Oeneral. 

Fossil  forest,  Gallatin  Mountains:  Knowlton, 
093. 
Economic, 

Big  Sandy  coal  field,  Chouteau  County:  Bowen, 

106. 
Boulder  bathoUth:  Knopf,  688. 
Butte  district:  Baoom,  27. 

psragenesis  of  ore  minerals:  Ray,  977. 
Clay,  northeastern  Montana:  Bauer,  63. 
Cleveland  coal  field.  Blahie  County:  Bowen, 

104. 
Coal|  eastern  Montana:  Palmer,  917. 

Musselshell-Judith  area:  Bowen,  103. 

western  Montana:  Palmer,  916. 
Cooke  City  district,  Park  County:  Gardner,  451. 
Copper,  Butte,  genesis:  Lawson,  722. 
Dillon  quadran^e:  Winchell,  1319. 
EUiston  phosphate  field:  Stone  and  Bonine, 

1149. 
Iron,  Blackfeet  Reservation:  Stebinger,  1124. 
Judith  Mountains,  Fergus  County:  Hoyt,  584. 
Lignite,  Sheridan  County:  Bauer,  64. 
Marysville  distrfct:  Goodale,  475. 
Niter  near  Melrose:  Richards,  994. 
Park  County:  Gardner,  451. 
Pine  Ridge  coal  field:  Rogers,  1012. 
RoUa  quadrangle:  Lee,  727. 
Saltese:  Calkins  and  Jones,  192. 
Dffnamic  and  ttmctural. 
Boulder  batholith:  Lawson,  722. 
SubbKnistrine  glacial  erosion:  Davis,  324. 


MoBtABA— Continued. 
PkpHographic, 
Glacial  Lake  Missoula:  Stone.  1148. 
^Glacier  National  Park:  Campbell,  196. 

glaciers:  Alden,  3. 
StratSgrapklc. 
Alexandrian  series:  Savage,  1031. 
Big  Sandy  ooal  field,  Choteau  County:  Bowen, 

106. 
Butte  region:  Meinser,  820. 
Cambrian,  Burling,  157. 
Cleveland  coal  field,  Blaine  County:  Bowen, 

104. 
Dillon  quadrangle:  Winchell,  1319. 
Glacier  National  Park,  glaciation:  Alden,  2. 
Montana  group:  Stebinger,  1125, 1126. 
Musselshell-Judith  area:  Bowen,  103. 
Pine  Ridge  ooal  field:  Rogers,  lOlX 
Rolla  quadrangle:  Lee,  727. 
Sheridan  County:  Bauer,  64. 
Sun  River  district:  Powers  and  Shimer,  009. 
PaUontologf. 
Albertella  fauna:  Burling,  157. 
Algonkian  algal  flora:  Walcott,  1246. 
Ceratopelan  dinosaur:  Gilmore,  462. 
Sun  River  district:  Powers  and  Shimer,  950. 
Petntogv, 
Boulder  batholith:  Knopf,  688. 
Dillon  quadrangle:  Winchell,  1319. 
Mintrdiogy. 
Butte  district,  paragenesls  of  ore  minerala: 
Ray,  977. 
XJnd€Tifround  waUr. 
Butte  region:  Meinxer,  829. 

Montana  group:  Stebinger,  1125. 

Moraine  Dome:  Matthes,  815. 

Moorcroft  oil  field ,  Wyom  faig:  Bamett,  40. 

Moose  River  sandstone,  Maine:  Qarke,  244. 

Moropus:  Holland  and  Peterson,  550. 

Mount  Rainier  National  Park:  Matthes,  812. 

Moyie  sills,  British  Columbia:  Bailey,  28. 

Mud  cracks:  Moore,  883. 

Mud  cracks.  Nova  Scotia:  Kindle,  675. 

Mud  lumps:  Shaw,  1075. 

Miiltituberculata:  Broom,  127. 

Vatoral  bridvei . 

Formation:  Dake,  298. 

Natmal  fas. 
Qeneral. 
Capillary  concentration:  Washburne,  1250. 
Mud  lumps  of  Mississippi  River:  Shaw,  1075 
Alberta,  Calgary  field:  Ellsworth, 390. 
Sheep  River  district:  Dowling,  364. 
Arkansas,  Fort  Smith-Poteau  field:  Smith, 

1097. 
Illinois,  Bond,  Macoupin,  and  Montgomery 
counties:  Blatchley,  100. 
Colchester  and  Macomb  quadrangles:  Hinds, 
543. 
Map,  United  States:  Day  cf  a/.,  330. 
Michigan:  Smith,  1108. 
New  Yorkr  Newland,  874. 
Ohio,  CadiE  quadrangle:  Condit,  271. 
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Vatnxal  gas— Continued. 

Oklahoma,  Gushing  field:  Buttram,178. 

east-central:  Snider,  1113. 

Fort  Smlth-Poteau  field:  Smith,  1097. 

Glenn  field:  Smith,  1098. 
Ontario:  Mlckle,  842. 
Texas,  northern:  Nicholson,  875. 
United  States:  U.  S.  0.  S.,  1216. 
Utah,  Green  River  field:  Lupton,  773. 
Washington,  Olympic  Peninsula:  Lupton,  774. 
West  Virginia,  Kanawha  County:  Krehs  and 
Teets,  607. 

Preston  County:  Hennm  and  Reger,  527. 
Wyoming,  Douglas  field:  Bamett,  41. 

Vebraaka. 

Stratigrapkk. 

Kansan  drift  deposits:  Barbour,  36. 
PaUoTUology. 

Carboniferous  eurypterids:  Barbour,  38. 

Carboniferous  Jellyfish:  Barbour,  37. 

Fungus,  Pliocene:  Whitford,  1289. 

Mammalia,  Devils  Gulch,  Brown  County: 
Barbour,  35. 

Promerycochcenis,   Sioux  County:  Peterson, 
940. 

Neva  limestone,  Oklahoma:  Beede,  73. 

Kerada. 

Economic. 

Alunite,  Bovard:  Schrader,  1048. 

Battle  Motuitain  district,  Nevada:  Bandmann, 
34. 

Copper,  Ely:  Whitman,  1290. 

Fairview  district.  Greenan,  493. 

Magnesite:  Gale,  448. 

Platinum-gold  lode  deposit,  southern  Nevada: 
Knopf,  680. 

Potash  tests,  Columbus  Marsh:  Gale,  445. 

Rochester  district, Nov.:  Schrader,  1048. 

Tonopah  district:  Balliet,30. 

Yellow  Pine  district,  Clark  County:  Hill,  538. 

Zinc,  Yellow  Pine  district:  Hill,  538. 
Phpaiogmphk. 

Lake  Lahontan:  Jones,  629;  Snyder,  1115. 

Stewart  and  lone  valleys:  Buwalda,  183. 
Stratiffraj^ie. 

Fairview  district:  Greenan,  493. 

Lake  Lahontan,  geologic  history:  Jones,  629. 

Rochester  district:  Schrader,  1048. 

Stewart  and  lone  valleys:  Buwalda,  183. 
PiUeorUology. 

Mammalia,  Tertiary:  Merrlam,  833. 

Proboscidean  tooth,  Truckee  beds:  Buwalda, 
182. 

Trlasslc  fauna:  1102. 
Mineralogp. 

Rochester  district:  Schrader,  1048. 

Steamboat  Springs:  Jones,  630. 

Wurtzite,Goldfield:  Ransome,974. 

Kew  Bmsiwick. 
Economic. 
Building  stone:  Parks,  920. 
Clay  and  shale  deposits:  Keele,  644. 
Moncton  area:  Wright,  1349. 
St.  John  area:  Hayes,  523. 


Hew  Bnuuwlok— Continued. 
Dynamic  and  ftrudural. 

Coastal  subsidence:  Goldthwait,  47S. 
8trati(fraphie, 

Cambrian:  Matthew,  816. 

Devonian,  Dalhousie:  Clarke,  344. 

Moncton  area:  Wright,  1349. 

St.  John  area:  Hayes,  523. 

St.  John,  fern  ledges:  Stopee,  1150. 
Paleontology. 

Cambrian:  Matthew,  816. 

Carboniferous  flora,  St.  John:  Stopes,  1150. 

Devonian,  Dalhousie:  Clarke,  244. 

Newfoimdlajid. 
Economic. 
Manganese:  Dale,  290. 
Wabana  Iron  ore:  Hayes,  524. 
Stratigraphic. 
Algonkian,  southeast  Newfoundland:  Budding- 
ton,  149. 
Cambrian:  Matthew,  816. 
Cambrian  and  Ordovician,  southeastern  New- 
foundland: Van  Ingen,  1223. 
table:  Van  Ingen,  1222. 
PaieonUdogy. 

Cambrian  and  Ordovician,  southeastern  New- 
foundland: Van  Ingen,  1223. 

Hew  Hampihlre. 

Economic. 

Mica,  Grafton:  Pulsifer,  966. 
PhffsioQTaphie. 

White  Mountains,  Presidential  Range,  graded 
upland:  Goldthwait,  472. 
Stratiffraphic. 

Moraine,  Jackson:  Foshay,  434. 
Petrology. 

Hanover,    schist,   sedimentary  origin:    Mer- 
ritt,  837. 

New  Jeney. 
General. 

Report  of  State  geologist,  1913:  Kfinunel,  690. 
Economic. 

Mineral  industry,  1913:  Twitchell,  1192. 

Raritan  quadrangle:  Bay  ley  et  al.,  66. 
Dynamic  and  structural. 

Coast  changes:  Johnson  and  Smith,  623. 
Physiographic . 

Raritan  quadrangle:  Bayley  et  al.,  06. 

Terraces,  Delaware  River:  Winchell,  1323. 
Stratiffraphic. 

Geologic  map:  Lewis  and  Kfimmel,  747. 

Gneisses,  Highlands:  Fenner,  413. 

Highlands,  pre-Cambr Ian  sedimentary   rockS; 
Bayley,  65. 

Lockatong  formation,  Triassic:  Hawkins,  520. 

Raritan  quadrangle:  Bayley  et  al.,  66. 

Triassic:  Hawkins,  520. 
Paleontology. 

Cretaceous  lignites,  CliiTwood:  Holden,  557. 
Petrology. 

Gneisses,  Highlands,  origin:  Fenner,  412,  413. 
Mineralogy. 

Babingtonite,  Passaic  County:  Fenner,  414, 415. 

Hodgkinsonite,  Franklin  Furnace:  Palaeheand 
Schaller,  911. 
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Hew  lI«iieo. 
Eeonomie. 

Apeche  district:  Wade,  1340. 

Burro  Mountain  district:  Bush,  170. 

Florida  Mountains:  Becker,  60. 

Gallup  Basin:  Kirk,  882. 

Organ  Mountain  district:  Welsli,  1374. 

Petroleum,  Dayton:  Richardson,  008. 

Pinos  Altos  distrfct:  Wade,  1341. 

Sierra  Blanca  coal  field:  Wegemann,  1368. 
DpMmkc  and  ttnuturfU. 

Bowlders  in  gravel  deposits:  Rich,  093. 

Faulting,  Luna  County:  Darton,  312. 
Phfftiograjikic. 

General:  Huntington,  508. 
Stratigmphic. 

Cretaceous,  western  New  Mexico:  Winchester, 
1324. 

Eocene  faunal  horizons:  Granger,  485. 

Florida  Mountains:  Becker,  00. 

GaUup  Basin:  Kirk,  682. 

Red  beds:  Case,  306;  Darton,  311, 313. 

San  Juan  Basin:  Sinclair,  1002. 
Paleooene   deposits:  Sinclair  and    Granger, 
1003. 

Sierra  Blanca  coal  field:  Wegemann,  1368. 
PaUcmMogy. 

Tertiary  Mollusca:  Cockerel],  240. 

Petrolon- 

Eocene  formations,  Rocky  Mountains,  petro- 
graphic  characters:  Johannsen,  615. 
Mmeralog^. 

Meteorite,  Glorieta:  Hills,  542. 
Underground  water. 

Luna  County:  Darton,  310. 

New  World  distrfet,  Montana:  Gardner,  451. 

Vew  York. 

Qennal. 

Dtawtor's  report:  Clarke,  243. 

Hudson  River,  geology:  Kuns,  700. 

Lester  Park:  Clarke,  248. 
Eeonomk. 

Iron,  magnetites,  Adirondacks:  St.  Clair,  1030. 

Minhig  Industry,  1013:  Newland,  874. 

North   Creek    quadrangle,    Warren    County: 
Miller,  850. 
Dynamic  and  Hruetural, 

Gneisses,  origin:  Berkey,  78. 
Pkgstographk. 

Otnerat  Miller,  840. 

Eastern  central  New  York:  Rfch,  091. 

Hudson  Gorge:  Crosby,  286. 

Long  Island:  Fuller,  441. 

Serpentine  stock,  Staten  Island:  Crosby,  287. 

Syracuse  quadrangle:  Hopkins,  571. 
Stratigrapkk. 

General'  Clarke,  243. 

Adirondacks:  Kemp,  651. 

Attica  quadrangle:  Luther,  775. 

Cataract  formation:  Schuchert,  1064. 

Depew  quadrangle:  Luther,  775. 

Eastern  New  York:  Clarke,  244. 

Erie  County:  Houghton,  577. 

Geologfcal  history:  MUler,  840. 

Long  Island:  Fuller,  441. 

Lorraine:  Foerste,  428. 


Hew  York— Continued. 
Stratigrapkic—Coaiinjxd. 

Manhattan  schist:  Fettke,  430. 

Medina  formation:  Schuchert,  1064. 

Medina  sandstone:  Kindle,  680. 

New  York  City:  Berkey  and  Healy,  70. 

North  Creek  quadrangle,  Warren  County:  Mil- 
ler, 850. 

Saratoga  Springs:  Cushingand  Ruedemann,206. 

Serpentine  stock,  Staten  Island:  Crosby,  287. 

Shawangunk    conglomerate,   Ulster    County: 
Brown,  128. 

Syracuse  quadrangle:  Hopkins,  571. 
PaUontolon. 

Castoroides,  Madison  County:  Smith,  1004. 

Erie  County:  Houghton,  677. 

Homocrinus:  Kfrk,  683. 

Lorraine  fauna:  Foerste,  428. 

Mammalia,  Onondaga  Lake:  Smith,  1006. 

Oriskany  fauna:  Clarke,  244. 

Silurio  gastropods:  O'Connell,  884. 

Syracuse  quadrangle:  Smith,  1095. 

Tertiary  shells,  Long  Island:  Gratacap,  401. 
Petrologg. 

Adirondack  region:  MUler,  851. 

Magmatic  dilTerentiation  and  assimilation  in 
Adirondack  region:  Miller,  851. 

Manhattan  schist:  Fettke,  420. 

Syracuse,  pcridotite  dikes:  Clark,  234. 

Mineralofn' 
Manhattan  Island,  Broadway:  Manchester,  804. 

Vndergnund  water. 
Saratoga  mineral  springs:  Clarke,  243. 
Saratoga  mineral  waters,  origin:  Ruedemann, 
1019. 

• 

Niagara  Gorge,  time  measures:  Taylor,  1161. 


Dfnamk  and  Hntciural. 
Masaya:  Sapper,  1020. 

VlekeL 

Ontario,  Sudbury  district:  Howe,  588;  Tbomaa^ 
1166. 
origin:  St.  Clair,  1021. 
United  States:  Hess,  520. 

Kitar. 

Montana,  Melrose:  Richards,  994. 

Homenolatnxe.    See  also  under  Stratigraphic. 
Diastrophic  disturbances:  ChamberUn,  200. 
Eruptive,  use  of  term:  Lahee,  701. 
Faults:  Stevens,  1137. 
Fusulinas:  Girty,  463. 
Minerals:  Wherry,  1280. 
Pre-Cambrian:  Sederholm,  1065. 

Forth  CaroUna. 

General. 

Chapel  Hm:  Smith,  1104. 
Eeonomk. 

Coal,  Dan  River  field:  Stone,  1146. 

MhilDg  taidustry,  1911-12:  Pratt,  960. 
Stratigraphk. 

Chapel  Hill:  Smith,  1104,1105. 
PaleonMogg. 

Neocene  Mollusca:  Olsson,  889. 

North  Creek  quadrangle,  N.  Y.:  Miller,  850. 
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Vorth  Dakota. 
General. 

Survey  rqiort:  Leonard,  736. 
Eeonomk. 

CamKmbatt  RJver  Ignite  field:  Uoyd,  758. 

Clay:  Baboock,ail. 

Coal:  Baboock,a6. 

South  omtnd  North  Dakota:  Leonard,  737. 
Pkpaiographk. 

Devfl9^tuoq>  Lake  region:  SimpaoUp  1000. 

Cannonball  River  lignite  field:  Lloyd,  758. 

South  central  North  Dakota:  Leonard,  737. 

Standfaig  Rock  Indian  Reaervation:  Calvert  et 
a/.,  103. 

Vorthweat  Tarritoriea. 
Oenent  Tyrrell,  1196. 
Coppermine  River:  Douglaa,  350;  Sandberg, 
1027. 
Eeonomic, 
(General-  Tyrrell,  1106. 
Coppermine  River:  Sandberg,  1027. 
Pelrologp. 
Coppermine  River:  Graton,  402. 

VoraSootla. 

Eeonomk. 
Ariaaig-Antigonish  district:  WUliama,  1300. 
BnOding  atone:  Parks,  020. 
Clay,  Lunenburg  County:  Faribault,  404. 
Clybum  Valley,  Cape  Breton  Island:  Wright, 

1350. 
Gold,  Oldham  dist^:  Faribault,  403. 
'  Greenfield  and  Liverpool  areas:  Faribault,  402. 
Iron:  Woodman,  1330. 

Cape  Breton:  Lindeman,  751. 
Lunenburg  County,  New  Ross:  Wright,  1348. 

Pleasant  River  Barrens:  Faribatilt,  406. 
Port  ICouton  area,  Queens  County:  Faribault, 
405. 
Phfeiographk. 

Arisaig-Antigonish  district:  WUliams,  1300. 
Stratiffraphk. 
Arisaig-Antigonish  district:  Williams,  1300. 
Cambrian,  Cape  Breton  Island:  Matthew.  816. 
Clybum  Valley,  Cape  Breton  Island:  Wright. 

1350, 
Olaciation:  Goldthwait,  471 . 
Greenfield  and  I^iverpool  areas:  Faribault,  402. 
Joggins  Carboniferous  section:  Bell,  77. 
Lunenburg  County,  Pleasant  River  Barrens: 

Faribault,  406. 
Port  ICouton  area,  Queens  County:  Faribault, 

405. 
Riversdale-Union    and    Windsor    formations: 

Hyde,  601. 
Windsor- Pennsylvanian  section.  Strait  of  Canso 
Hyde,  602. 
Paleonlologp. 

Cambrian,  Cape  Breton  Island:  Matthew,  816. 
Petroh^. 
Arisaig-Antigonish  district:  Williams,  1300. 

Ohio. 

EeoTtomk. 
Cadis  quadrangle,  oil  and  gas:  Condit,  271. 
Coal:  Ray,  075. 

Hocking  Valley  coal  fleld:  Burroughs,  162. 
Pittsburgh  coal  bed:  Burroughs,  163. 


Ohio— Continued. 
Dfnamk  and  structural. 

Erosion,  Fayette  County:  Napper,  871. 
Pkffsiograpkk. 
Craighton  Lake  (glacial):  Leverett,  742. 

tilted  shore  lines:  Hubbard,  586. 
Drainage  changea:  Coffey,  258. 

southwestern  Ohio:  Fenneman,  411. 
Locust  Grove  eaker:  Th<»npflon,  1168. 
Stratifrapkk. 
Berea  sandstone  in  eroded  Cleveland  shale: 

Burroughs,  160. 
Finger  Lake  bed,  Ashland  and  Wayne  counties: 

Hubbard,  587. 
Mississippian  unconformities  and  conglomer- 
ates: Lamb,  705. 
Richmond,  upper:  Shideler,  1082. 
Waverly  formation:  Morse  and  Foerste,  867. 
PaleontoloffP' 
Cystoidea:  Foerste,  429. 
Starfish,  Richmond,  Adama  County:  Williama, 
1305. 
Oil.    See  Petroleum. 

OUahalea. 

Colorado,  northwestern:  Woodruff  and  Day, 

1333. 
New  Brunswick,  Moncton  area,  Albert  mines: 

Wright,  1349. 
Utah,  northeastern:  Woodruff  and  Day,  1333. 

Oklahona. 

General. 

Director's  report:  Shannon,  1074. 
Econotnk.  • 

Cushing  oil  and  gas  field:  Buttram,  178. 
map:  Okla.  G.  S.,886. 

Fort  Smith-Poteau  gas  field:  Smith,  1097. 

Glenn  oil  and  gas  pool:  Smith,  1098. 

I.*ead,  Arbuckle  Mountains:  Becker,  71. 

Mineral  resources:  Shannon,  1074. 

Ofi  and  gas,  east-central:  Snider,  1113. 

Tripoli:  Plumb,  957. 

Volcanic  dust:  Buttram,  177. 

Zinc,  Arbuckle  Mountains:  Becker,  71. 
Stratiffraphk. 

Cushing  oil  and  gas  field:  Buttram,  178. 

East-central  Oklahoma:  Snider,  1113. 

Fort  Smith-Poteau  gas  field:  Smith,  1097. 

Glenn,  oH  and  gas  pool:  Smith,  1098. 

Grandfield  district:  Munn,  869. 

Mississippian,  northeastern  Oklahoma:  Snider, 
1113. 

Neva  limestone:  Beede,  73. 

Oolites,  Chimney  hill  formation:  Reeds,  986. 
Underground  water. 

Canadian  River,  North  Fork,  ground  water  near 
Oklahoma  City:  Schwennesen,  1060. 

Ground  water,  Enid:  Schwennesen,  1059. 

Oligooene.    See  Tertiary. 

Oatazlo. 

General. 

Report,  1914,  Bureau  of  Mines:  Gibson,  456. 
Eeonomk. 
Cobalt:  Bell,  74. 

Gold,  Porcupine  district:  Hore,  575. 
Michipicoten  district:  Means,  827. 
Swastika  area:  Bruce,  142. 
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Ontaxlo— Continued. 
£bonoiiiie--€oin  tinned. 

Kirkland  Lake  district:  Hardinge,  513;  Spear- 
man, 1110. 

KlrklMid  Lake  and  Swastika  gold  areas:  Bur- 
rows and  Hopkins,  164. 

Magnetite,  Calabogie,  Renfrew  County:  Linde- 
man,  749. 

Mica:  De  Schmid,  334. 

Moose  Mountain  iron  district:  Lindeman,  750. 

Natural  gas,  composition:  Mickle,  842. 

Nickel-copper,  Sudbury:  Hore,  574. 

Onaping  sheet:  Collins,  968. 

Porcupine  district:  Dobbs,356. 

Southeastern:  Miller  and  Knight,  848. 

Sudbury  deposits,  dasslflcation:  Coleman,  %1. 

Sudbury  nickel  deposits:  Howe,  563. 

Sudbury  nickel-oopper  deposits,  origin:  Hore, 
574. 

Sudbury  ores,  origin:  St.  Clair,  1021. 

Sudbury  nickel  district:  Thomas,  1166. 

Tlmiskamlng  district:  Burrows  and  Hopkins, 
164. 
Dfnamk  and  ttrttdural. 

CarbonjKeous  schists.   Lake  of  the  Woods: 
Greenland,  406. 

Ripple-marked    Huronlan   quartslte,   Cobalt: 
Hore,  575. 

Ripple  marks,  Ottawa:  Kindle,  681. 
Phpnographic. 

Shore  lines,  St.  Joseph  Island,  Lake  Huron: 
Leverett,  743. 
StnUii^pkk. 

Cataract  formation:  Schucbert,  1054. 

Don  River  glacial  deposits,  Toronto:  Wright, 
1344. 

Huronlan,  Timlskaming  region:  Collins,  270. 

Kirkland  Lake  and  Swastika  gold  areas:  Bur- 
rows and  Hopkins,  164. 

Lake  Simooe  area:  Johnston,  636. 

Medina  formation:  Schuchert,  1054. 

Niagara  escarpment,   southwestern   Ontario: 
Williams,  1308. 

Onq>lng  sheet:  Collins,  268. 

Orlskany  sandstone  and  Ohio  shale:  Kindle, 
677. 

Porcuphie  district:  Dobbs,  356. 

Pre-Cambrian,  Lake  Huron  region:  Coleman, 
264. 
southeastern:  Miller  and  Knight,  848. 

Rainy  Lake:  Lawson,  721. 

Rainy  River  district,  Pleistocene:  Johnston, 
627. 

Silurian,  Manitoulin  Island:  Williams,  1301. 
southwestern  Ontario:  Williams,  1304. 

Southwestern  Ontario:  StaofTer,  1123. 

Sudbury  regk>n:  Coleman,  264;  Collins.  260. 

Sudbury  series:  Coleman,  262. 

Thedford:  WUliams,  1302. 

Tlmiskamlng  district:  Burrows  and  Hopkins, 
164. 

Toronto  region:  Coleman,  263. 
glacial  deposits:  Wright,  1344. 

Trenton  group:  Raymond,  980. 
Paieontologp. 

Brockocystis:  Foerste,  429. 

Cryptophragmus:  Raymond,  983. 

Thresherodiscas:  Foerste,  429. 


Ontario— Continued. 
Petroloffif. 
Pre-Cambrlan,  Lake  Huron  region:  Coleman, 

264. 
Rainy  Lake:  Lawson,  721. 
Sudbury  field,  Levack:  Brackenbury,  114. 
Sudbury  nfekel  deposits:  Howe,  583. 
Mlnerahffp. 
Temlskamite:  Walker,  1248. 
OoUta. 

Origin:  Brown,  141;  Vaughan,  1230;  Wielaild, 
1294. 
OrdoTlolaa. 
Stratigraj^f. 
Alaska- Yukon  boundary:  Calmes,  187. 
Antioostl  Island:  Twenhofel,  1190. 
British   Columbia,   East   Kootenay   district: 
Schofield,  1041. 
Field  area:  Allan,  5. 

Selkirk  and  Puroell  Mountains:  Daly,  306. 
California,  Inyo  and  White  Mountains:  Knopf, 

686. 
Illinois,  Bond,  Macoupin,  and  Montgomery 
counties:  Blatchley,  100. 
La  Salle:  Cady,  185. 
northwestern:  Cox,  278. 
Indiana,  Tanners  Creek:  Caminip  and  Gallo- 
way, 295. 
Kentucky,  central:  Foerste,  426. 
Georgetown  quadrangle:  Miller,  843. 
north  central:  Foerste,  427. 
Wayne  Countf :  Munn,  860. 
Levis:  Raymond,  982. 
Manitoba:  MacLean  and  Wallace,  796. 
Minnesota:  Grout  and  Soper,  502. 
New  Brunswick,  St.  John  area:  Hayes,  523. 
Newftmndland,  Conceptk>n  and  Trinity  bays: 

Van  Ingen,  1222. 
New  Jersey,  Raritan  quadrangle:  Bayley  etai,, 

66. 
New  York,  Lorraine:  Foerste,  428. 
Saratoga  Sprfaigs  region:  Cashing  and  Ruede- 
mann,  296. 
Nova  Scotia,  Arisaig-Antigonish  district:  Wil- 
liams, 1300. 
Ontario,  Lake  Simcoe  area:  Johnston,  626. 
Ottawa,  ripple  marks:  Kindle,  681. 
Trenton  group « Raymond,  980. 
Pennsylvania,    Coatesville    quadrangle:  Bliss 

and  Jonas,  101. 
Quebec,  Anticostl  Island:  Twenhofel,  1190. 
Levis:  Raymond,  981. 
Lorraine:  Foerste,  428, 
St.    Hilaire    and    Rougemont    mountains: 

O'Neill,  892. 
southern:  Dresser,  367;  Harvie,  515. 
Trenton  group:  Raymond,  080. 
Richmond,  upper,  Cincinnati  region:  Shideler, 

1082. 
Tennessee,  Perry  County:  Wade,  1239. 
Waynesboro  quadrangle:  Drake,  366. 
Texas,  Van  Horn  quadrangle:  Richardson,  900. 
Vermont,  Bennington:  Gordon,  476. 
Greensboro:  Richardson  and  Turner,  006. 
Hardwick:  Richardson  et  al.,  997. 
Woodbury:  Richardson  eial.,  W7. 
V^irginia,  Abingdon  quadrangle:  Stose,  1152. 
southwestern:  Pow^l,  958. 
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OrdoTlelaii— Coatinued. 
PaleoTitaloffff. 

Agetacrinidae:  Foerste,  429. 

Antioosti  Island  faunas:  Twenhofel,  1190. 

Arctic:  Sctauchert,  1055. 

BrachloiKMiai  sedimentary  relations:  Burling, 
158. 

Cryptopbragmus:  Raymond,  963. 

Indiana,  Tanners  Creek:  Cumings  and  Gallo- 
way, 295. 

Iowa,  Graf:  Thomas,  1165. 

Isotelus  gigas,  ontogeny:  Raymond,  979. 

Kentucky:  Foerste,  424. 
Georgetown  quadrangle:  Miller,  843. 

Lepadocystinse:  Foerste,  429. 

Levis:  Raymond,  9S2. 

Lorraine   faunas,   New   York   and    Quebec: 
Foerste,  428. 

Ohio,  Adams  County,  starfish:  WOliams,  1305. 

Quebec,  Levis:  Raymond,  981. 

Rogers  Gap  fauna,  Kentucky:  Foerste,  427. 

Ore  depoftta,  orlfin.    For  ore  depotUs  in  general, 
see  Economic  (general). 
General:  Baoom,  27;  Hatch,  516;  Lawson,  722, 
726;  Lindsley,  755;  Madaren,  795;  Nishl- 
hara,  879. 
Asbestos:  Hopkins,  568. 
Ascending  secondary  enrichment:  Turner  and 

Rogers,  1188. 
Boulder  batholith:  Knopf,  688. 
British  Columbia,  Quadra  Island:  Calmes,  191. 
Camotite,  Utah  and  Colorado:  Hess,  628. 
Colorado,  Ollpln  County:  Becker,  68. 
Copper:  Bacom,  27;  Tolman  and  Clark,  1176. 
Arizona,  AJo  district:  Joralemon,  634. 
Grand  Gulch  region:  Hill,  539. 
Superior:  Ransome,  973. 
California,  Bully  Hill  district:  Boyle,  113. 

Plumas  County:  Turner  and  Rogers,  1188. 
enrichment  of  sulphide  ores:  Clark,  237. 
Idaho,  Mackay:  Umpleby,  1208, 1200. 
Maryland,   Frederick  County:   Butler  and 

McCaskey,  176. 
Montana,  Butte:  Lawson,  722. 
Nevada,  Ely:  Whitman,  1290. 
Permsylvania,  South  Mountain  region:  Be- 

vier,  89. 
relation  of  sulphides:  Thompson,  1167. 
Sudbury,  Ontario:  Hore,  574. 
Deposition  by  meteoric  waters:  Lawson,  725. 
Diffusion  of  ore  deposits:  Lawson,  726. 
Electric  activity  in  ore  deposits:  Wells,  1273. 
Formation  In  depth:  Fermor,  419. 
Garnet  sones,  origin:  LIndgren,  752. 
Gold,  deposition  in  nature:  Lenher,  735. 
enrichment:  Mann,  805. 
Ontario,  Kirkland  Lake  district:  Stearman, 
1116. 
Michipiooten  district:  Means,  827. 
Porcupine  district:  Hore,  575. 
Timiskaming  district:  Burrows  and  Hop-  ' 
kins,  164. 
Graphite:  Stansfleld,  1119. 
Hydrotbermal  alteration  of  granite:  Moore,  864. 


Ore  deposits,  otlsiii— Continued. 
Iron:  Earle,380. 
Colorado,  Caribou:  Bastin,  58. 

Leadvflle:  Argall,  20. 
Nova  Scotia:  Woodman,  1330. 
Paleozoic  interbedded  deposits:  Earle,  380. 
titaniferous  ores:  St.  Clair,  1020. 
Lead,  Illinois,  northwestern:  Cox,  278. 
Mexico,   Zimapan   (Hidalgo):  LIndgren   and 

Whitehead,  754. 
Mioeraiizing  solutions,  intrusive  pressure:  Ste- 
vens, 1138. 
Mine-water  composition:  Lane,  715. 
Missouri,  Joplin  ores:  Siebenthal,  1086. 
Nevada,  Fairview  district:  Greenan,  493. 
Newer  theories  of  ore  deposition:  Kemp,  650. 
•    New  Mexk»,  Pinos  Altos  district:  Wade,  1241. 
Nickel,  Ontario,  Sudbury  district:  Hore,  574; 

Howe,  583;  St.  Clair,  1021. 
Oregon,  southwestern:  Winchell,  1320. 
Sumpter  quadrangle:  Pardee  and  Hewett, 
918. 
Persistence  of  ore  in  depth:  Maclaren,  795; 

Rickard,  1000. 
Phosphate,  South  Carolina:  Rogers,  1013. 
Quicksilver,  California:  Veatch,  1236. 
Secondary  limestones:  Fermor,  419. 
Silver  enrichment:  Palmer,  913. 
Sulphide  enrichment:  Nishihara,  879;  Rogers, 
1010;  Tolman,    1174,  1175;  Tolman   and 
Clark,  1176. 
carbonates  in:  Nishihara,  879. 
Superficial  diffusbn:  Penrose,  928. 
Utah,  San  Francisco  district:  Butler,  172. 
Zinc,  nilnois,  northwestern:  Cox,  278. 
Utah,  Tintic  distrtet:  Loughlin,  765. 

Ore  shoots.    See  Economic  geology,  and  Ore  de- 
posits, origin. 
Oregon. 
Economic. 
Baker  district:  Grant  and  Cady,  487. 
Building  stone:  Parks,  919. 
Coal,  southwestern  Oregon:  Winchell,  1320. 
Squaw  Creek  Basin,  Coos  County:  wniiams, 
1298. 
Copper,  southwestern  Oregon:  Winchell,  1320. 
Eden  R  idge  coal  field ,  Coos  County:  Lesher,  739. 
Gold,  southwestern  Oregon:  Winchell,  1320. 
Jackson  and  Josephine  counties:  Winchell,  1320. 
John  Day  region:  Collier,  206. 
Limestone:  WQliams,  1299. 
Northeastern  Oregon:  Swartley,  1155. 
Northwestern  Oregon:  Washbume,  1257. 
Southwestern  Oregon:  Diller,  352. 
Sumpter  quadrangle:  Pardee  and  Hewett,  918. 
Stratigrapkic. 
Baker  district:  Grant  and  Cady,  487. 
Eden  Ridge  coal  field,  Coos  County:  Lesher,  739. 
Eocene:  Arnold  and  Hannibal,  22. 
Jackson    and    Josephine    counties:  Winchell, 

1320. 
John  Day  region:  Collier,  2CC. 
Northwestern  Oregon:  Washbume,  1257. 
Oligocene:  Anderson,  17. 
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OveffOB— ContlDaed. 
5fro<i^apA<c— Cantinued. 
Southwestern  Oregon:  Dil]er,a52. 
Sampter  quadnngle:  Pardee  and  Hevett,  918. 
Paieontotogf, 

Roseburg  quadrangle:  Dickerson,  347. 
Petrdlogif. 
Jackaon   and    Joaephino   oounties:  Winchell, 
132a 
Underground  water. 
General:  Van  Winkle,  123& 
Mineral  waters,  southwestam   Oregon:  Win- 
cheU,  1320. 

Organ  Mountain  district,  New  Mexico:  Welsh,  127i, 

Orogenic  epochs:  Blackwelder,  92. 

Orogeny. 

Oenerol:  Barrell,  43-45. 

Mechanics  of  formation  of  arcuate  mountains: 

Hobbs,  546. 
Orogenic  epochs:  Blackwelder,  92. 
Paleoxoic   orogenic    movements,    periodicity: 

Chamberlin,  209. 
Post^Paleocoic:  Keyes,  6G0. 
Rocky  Mountains:  Schofleld,  1044. 
Sierra  Nevada  Mountains:  Ailing,  16. 

Oscillation.    See  Changes  of  level. 

Ostraooda.    See  Crustacea. 

Owens  Basin,  Cal.:  Qale,  449. 

Onrkian  seaweeds  and  oolites:  Wleland,  1294. 

Paint.    See  Mineral  paints. 

Paleobotany. 

Alaska,  Cape  Lisbume,  Jurassic  flora:  Knowl- 

ton,  690. 
Algonkian  algal  flora:  Wal«ott,  1246. 
Arizona,  fossil  trees:  Briscoe,  119. 
British  Columbia,  East  Kootenay.  Pleistocene 

flora:  Hollick,  561. 
Calllxylon:  ElUns  and  Wieland.  386. 
Canada:  WUson,  1317, 1318. 
Collections  of  New  York  Botanical  Qarden: 

HoUick.  560. 
Colorado,  Florissant  flora:  CockeroU,  255. 
Cordaitean  wood,  Indiana:  Elkins  and  Wie> 

land,  386. 
Cretaceous,  Upper,  and  Eocene,  South  Carolina 

and  Georgia:  Berry,  80. 
Cycads:  Wieland,  1295. 
Date  palm  fruit,  Texas:  Berry,  83. 
Dicotyls,  origin:  Wieland,  1296. 
Eocene   flora,   southeastern   North   America: 

Berry,  86. 
Forests,   fossil,    Yellowstone   National    Park: 

Knowlton,  602. 
Ftmgus,  Nebraska  Pliocene:  Whitford.  1289. 
Jurassic  flora,  Alaska:  Knowlton,  660. 
Kentucky,  Waverly:  Scott  and  Jeffrey,  1061. 
Lignites,  Cretaceous,  New  Jersey:  Holden,  557. 
Leaves:  Humphreys,  594. 
Maryland,  Cretaceous  floras:  Berry,  84. 
New  Brunswick,  St.  John,  Carboniferous  flora: 

Stopes,  1150. 
Nipadites,  Eocene:  Berry,  81. 
Panama  Canal  Zone:  Berry,  82. 
Plants,  roof  of  Pittsburgh  coal:  Qrier,  500. 


Paleobotany— Continued. 

Pleistocene,  Southern  States:  Berry,  88. 
Psaronius,  Iowa:  Farr,  407. 
Resins  in  Paleozoic  plants:  White,  1283, 1284. 
Trapa:  Berry,  86. 

Wyoming,  Clarks  Fork  Basin,  Tertiary  seeds: 
Cockerell,  255. 

PaleoelJmatology. 

General'    Barrell,  51;   Huntington,    508,    509; 

Schuchert,  1051, 1056. 
Solar  hypothesis  of  climatic  changes:  Hunting- 

ton,  509. 

Paleographio  mapi. 

Appalachian  geosyndine,  close  of  Chemung 

Barrell,  50. 
Cretaceous  and  Tertiary:  Baker,  29. 
Glacial  periods:  Schuchert,  1051. 
Medina— Cataract^Brassfleld:  Schuchert,  1054. 

Palaogeography.    See  alto  Geologic  history,  Paleo- 
climatology,  aiui  Paleogeographlc  maps. 
General'  Grabau,  483. 
Alexandrian  series:  Keyes,  659. 
Circumoontinental  growth:  Chamberlin,  213. 
Cretaceous,  Rocky  Mountain  region:  Lee,  728. 
Devonian:  Barrell,  50. 

early:  Clarke,  244. 
Silurian:  Schuchert.  1054. 

Alexandrian  series:  Keyes,  650. 

Paleometeorology.    See  Paleocllmatology. 

PalooBtology  (general).  See  also  the  dateet  of  ani- 
maU  and  Paleobotany.  For  etratigraphie 
tee  the  different  eyetems.  For  regional  eee 
names  of  States . 

Color  markings.  Gastropoda:  Roundy,  1018. 

Convergent  evolution:  Gregory  et  al.,  499. 

Sedimentary  relations,  Cambrian  and  Ordo> 
vician:  Burling,  158. 

Textbook:  Shimer,  1083. 

Paleoaoio  (undifferentiated). 

British  Columbia,  Boundary  district:   LeRoy 

738. 
Oregon,   southwestern:  DlUer,    352;  Winchell, 

1320. 
Washington,  northeastern:  Bancroft,  31. 
Wyoming,  Lincoln  County:  Schultz,  1058. 


Dynamic  and  structural. 

Earthquakes,  Los  Santos:     MacDonald  and 
Johnston,  789. 
Physiographic. 

Los  Santos:  MacDonald  and  Johnston,  789. 
Stratigraphic. 

Los  Santos:  MacDonald  and  Johnston,  789. 
PaleorUology. 

Plants:  Berry,  82. 

Panamint  Valley,  California:  Gale,  449. 

Paradoxides,  ontogeny:  Raymond,  978. 

Paragenetli  of  minerali. 

Harney  Peak  region.  South  Dakota:    Ziegler, 

1354. 
Montana,  Butte  district:  Ray,  977. 
Zinc  minerals.  Tin  tic  district,  Utah:  Loughlin, 

765. 
Patagonia  district,  Arizona:  Probert,  964. 
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Peat. 
OeTunU. 

Origin  and  formation:  Davis,  314. 
Florida:  Sellards,  1067. 
United  States:  Davis,  315. 

PelMTpodA.    See  alio  MoUusca. 
Exogyra:  Stephenson,  1128. 
Triassic,  marine:  Smith,  1102. 
Unios,  Triassic,  Massachusetts:  Troxell,  1183. 

Pelycosauria:  Broom,  128. 

Pemuylvaiiia. 

Report,  Survey:  Pa.  O.  S.,  927. 
Economic. 
Broadtop  coal  field:  Gardner,  452. 

map:  Gardner,  453. 
Camotite,  Carbon  County:  Wherry,  1282. 

Mauch  Chunk:  Wherry,  1278. 
Coal:  Burrows,  163. 

northern  anthracite  field:  Qlmson,  464. 
Coatesvilte  quadrangle,  Pennsylvania:     Bliss 

and  Jonas,  101. 
Copper,  South  Mountain  region:  Bevier,  89. 
Economic  minerals:  Brown  and  Ehrenfeld,  131. 
Limestone:  Frear,  436. 
Pittsburgh  coal  bod:  Burroughs,  163. 
Pocono  coals:  Halberstadt,  510. 
PhifHoffrajAk. 
Coatesville  quadrangle,  Pennsylvania:     Bliss 

and  Jonas,  101. 
Giacial  ice  dam,  Warren:  Wright,  1345. 
Quaker  Lake,  Susquehanna  County:    Wilson, 
1312. 
StratifTttphic. 
Broadtop  coal  field:  Gardner,  452. 

map:  Gardner,  453. 
Coatesville  quadrangle,  Pennsylvania:     Bliss 

and  Jonas,  101. 
Glacial  dam  in  Allegheny  River:  Wright,  1345. 
Lockatong  formation,  Triassic:  Hawkins,  520. 
Quaternary  deposits,  Wyoming  valley:    Bar- 
ton, 309. 
Triassic:  Hawkins,  520. 

Wissahickon  mica  gneiss,  Doe  Run-Avondale 
district:  Bliss  and  Jonas,  101. 
Paleontologp. 
Plants,  roof  of  Pittsburgh  coal:  Grler,  500. 
Rectogloma:  Van  Tuyl  and  Berckhemer,  1227. 
Petroloffy. 
Coatesville  quadrangle,  Pennsylvania:     Bliss 

and  Jonas,  101. 
Oolite,  siliceous:  Brown,  141. 
Mlnnaloffy. 
Qtneral:  Brown  and  EhrenfiBld,  131. 
Axinlto,  Delaware  County:  Wherry,  1281. 
Beraunito,  Northampton  County:     Wherry, 
1281. 

Pennsylvanian.    Set  CarbonlfiBrous. 

Pentremites.    Su  Blastoidea. 

Permian.    See  Carboniferous. 

Permian  glaciation:  Huntington,  509. 

Petrogenesis:  Daly,  305. 


Petroleiui* 
Oennid:  Day,  327. 

Capillary  concentratioD:  Washbume,  12S9. 

F(Mination  and  accumulation:  Dumble,372. 

Fossil  wood,  relationship  to  oil:  Stuart,  1154. 

Origin:  Ccste,  277;  Hdfer,  563. 
Mexico:  Orddfles,  803. 

Rock  disturbances  theory:  Coste,  277. 
Alaska,  Yakataga  district:  Maddren,  798. 
Alberta,  Calgary  field:  Ellsworth,  390. 

Sheep  River  district:  Dowling,  364. 
California:  Arnold  and  Garfias,  21. 
California  oil  fields,  anticlinal  dome  structure: 
Hager,  507. 

faulting:  Hager,  508. 

unconformities  and  overlap:  Hager,  509. 
Colorado,  De  Beque  field:  De  Beque,  331. 
Illinois:  Wheeler,  1277. 

Bond,  Macoupin,  and  Montgomery  counties: 
Blatchley,  100. 

Colchester  and  Macomb  quadrangles:  Hinds, 
543. 

Crawford  and  Lawrence  counties:  Blatchley, 
98. 

Plymouth  field:  Blatchley,  99. 
Indiana,  Sullivan  County:  Barrett,  53. 
Kentucky:  Hoeing,  554. 

Monticello  quadrangle:  Munn,  860. 

Wayne  County:  Munn,  860. 
Map,  United  States:  Day  et  oi.,  330. 
Mexico:  Ordoflez,  893. 
Michigan:  Smith,  1108. 

Saginaw  field:  Smith,  1107. 
New  Mexico,  Dayton:  Richardson,  99S. 
New  York:  Newland,  874. 
Ohio,  Cadiz  quadrangle:  Condlt,  271. 
Oklahoma,  Cusfting  field:  Buttram,  178. 

east-central:  Snider,  1113. 

Glenn  field:  Smith,  1098. 
Oregon,  northwestern:  Washbume,  1257. 
Texas,  northern:  Nicholson,  875. 
Utah,  Green  River  field:  Lupton,  773. 
Washington,  Olympic  Peninsula:  Lupton,  774. 
West  Virginia,  Kanawha  County:  Krebs  and 
Teets,  697. 

Preston  County:  Hennen  and  Reger,  527. 
Wyoming,  Douglas  field:  Bamett,  41. 

Lincoln  County:  Schults,  1058. 

Moorcroft  field:  Bamett,  40. 

Salt  Creek  field:  Tmmbull,  1186. 

Shoshone  River  section:  Hewett,  534. 

PetroloK7  (genorai).  See  aUo  Igneous  and  volcanic 
rocks;  Technique.  For  regional  see  name* 
of  States.  For  rocks  described,  see  list.  p.  144- 

Oenerai:  Iddings,  603. 

Average  igneous  rock:  Mead,  826. 

Classification:  Cross,  289. 

Crystalloblastic  order  in  metamorphism:  Lahee, 
703. 

Determination  of  common  minerals  and  rocks, 
tables  for:  Tarr,  1159. 

Determination  of  rocks:  Hobbs,  548. 

Effusive  and  intrusive  in  the  quantitative  clas- 
sification: Lane,  716. 
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F»trdloc7— Continoed. 

Eooene  fonnatians.  Rooky  Hountaiiis,  petro- 
graphiocharact«rs:  Johaimaen,  615. 

PetTQgraphJo  provJnoe,  cbemioal  relatJons,  rep- 
resentation: AdamSy  L 

Petregnphio  provinoeB:  Iddingg,  MM. 

Petrographic  reports:  Tamllnaan,  1177. 

Serpentine:  Julien,  635. 

Silicates,  constitution:  Clarke,  238. 

Sills  and  laccoliths:  Daly,  306. 

Ternary  system;  di<^de,  forsterlte,  silica: 
Bowen,  107. 

Phocphate. 

OeneroL-  Sellards,  1067, 1070. 

Origin:  Sellards,  1070. 
Rocky    Mountain   deposits:  Blackwelder, 
94. 
Florida:  Sellards,  1067, 1070. 
Idaho,  Georgetown  region:  Richards  and  Man9> 

field,  905. 
Kentucky,  central:  Foenite,  426. 
Montana,  Elliston  field:  Stone  and  Bonine,  1149, 
South  Caroling:  Rogers,  1013. 
Southern  States:  Sellards,  1071. 
Tennessee:  Birr,  421;  Maynard,  824. 

south  central:  Brown,  138;  Hook,  567. 

Waynesboro  quadrangle:  Drake,  366. 
United  States:  Phaten,  946. 
Utah,  northern:  Peterson,  941 
Virginia,  southwestern:  Stosp,  1152. 
Wyoming,  Lincoln  County:  Schults,  1068. 

PlijiiogTapkie  ifferunl).  For  regional  see  under 
the  various  States.  See  also  Drainage 
changes. 

Oeneral:  Purdue,  971. 

AltiphmHtion:  Eakin,  376. 

College  physiography  (textbook):  Tarr  and 
Martin,  1158. 

Continental  forms,  origin:  Baker,  29. 

Stream  valleys:  Rich,  992. 

Textbook:  Hopkins,  570. 

Pillow  lava,  origin:  Lewis,  746. 

Pfaios  Altos  district,  New  Mexkx>:  Wade,  1241. 


CestrBokmt  diark,  Triaasio,  Oallfomia:  Bryant, 

146. 
Devonian,  Missoori:  Branson,  118. 
Kansas,  Lawienoe:   Twenhofol  and  Dunbar, 

1191. 
Platysomus,  Alberta:  Lambe,  710 
Scales:  Cockeiell,  267. 
Triassic:  Eastman,  381. 

Pittsburgh  coal  bed:  Burroughs,  163. 
Plaoen.   See  also  Gold. 

British  Columbia,  Tulameen  district:  Oamsell 
197. 

Plants,  fossfl.    See  Paleobotany. 

Platiaam. 

British  Columbia,  Tulameen  district:  Oamsell 

197. 
United  States:  Day,  328. 

Platygonus,  Kansas:  Peterson,  987. 


Platysomus,  Alberta:  Lambe,  710. 
Pleistooene.   See  Glacial  geology;  Quaternary. 
Pliocene.   See  Tertiary. 
Polar  wanderings:  Baixel],  51. 
PoljnDoa.   See  Bryoioa. 
Portland  cement.    See  Cement. 
Port  Wells  district,  Alaska:  Johnson,  622. 
APotash. 

Calilomia,  Death  Valley:  Gale,  443. 
Saline  Valley:  Gale,  444. 

Gmt  Basin  lakes:  Gale,  442. 

Great  Basin  region:  Young,  1352. 

Nevada,  Columbus  Marsh:  Gale,  445. 

Texas:  Udden,  1202. 

United  States:  Phalen,  945. 

Western  States:  Hance,  511. 

Pound  quadrangle,  Vixginia-Kentoeky:  Butts,  180. 
Pxe-Cambrian. 
Oeneral:  Schuchert  and  Barrell,  1067. 
Classification:  Coleman,  262;  Leith,  732;  Seder- 
holm,  1066. 
Correlation:  Miller,  847. 
Nomenclature:  Sederholm,  1066. 
Sioux  quartsitc:  Keyes,  668. 
Sudbury  series:  Coleman,  262. 
Time-table:  Schuchert  and  Barrel],  1067. 
Unconformities:  Sederliolm,  1063. 
Stratigrapkfi. 
Alaska,  international  boundary:  Calmes,  186. 
Alaska-Yukon  boundary:  Caixnes,  187. 
Arixona,  Buckskin  Mountains:  Blanchard,  96. 

Grand  Canyon  district:  Noble,  880. 
British  Columbia,  East  Kootenay:  Schofleld, 
1039-1041. 
Field  area:  Allan,  6. 
Puroell  Range:  Schofleld,  1042. 
Selkirk  and  Purcell  Mountains:  Daly,  306. 
southeastern:  Schofleld,  1043. 
Canada:  Coleman,  262. 

Colorado,  southwestern:  Cross  and  Laraen,  290. 
Georgia,  northern:  Hopkins,  668. 
Idaho,  Mullan:  Calkins  and  Jones,  192. 
Iowa:  Keyes,  662, 668. 
Lake  Superior  nagion:  Leith,  732. 
Manitoba,  Lake  Winnipeg  regk>n:  Moore,  860. 
Massachusetts,  Diamond  Hill-Cumberland  dis- 
trict: Warren  and  Powers,  12S6. 
Mitdiigan,  Gwinn  iron  district:  Allen,  14. 

Little  Lake  district:  Allen  and  Barrett,  15. 
Minnesota:  Grout  and  Soper,  502. 
Montana,  Dillon  quadrangle:  Winchell,  1319. 

Saltese:  Calkins  and  Jones,  192. 
Newfoundland,  Conception  and  Trinity  bays: 
Van  Ingen,  1222. 
southeastern,  Algonkian:  Buddington,  149. 
New  Jersey,  Highlands:  Fenner,  413. 
sedimentary  rocks:  Bayley,  65. 
Raritan  quadrangle:  Bayley  et  ol.,  66. 
New  York,  New  York  City:  Berkey  and  Healy, 
79. 
North  Creek  quadrangle:  Miller,  850. 
Saratoga  Springs  region:  Cushing  and  Ruede- 
mann,  296. 
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Pre-Cambxtan— Continual. 
StratigTaj^y— Continued. 
Nova  Sootia,  Cape  Breton  Island,  Clybum  Val- 
ley: Wright,  1350. 
Lunenburg  County:  Faribault,  406. 
Queens  County:  Faribault,  405. 
Ontario,  Kirkland  Lake  and  Swastika  gold 
areas:  Burrows  and  Hopkins,  164. 
Lake  Huron  region:  Coleman,  364. 
Onaping  sheet:  Collins,  268. 
Rainy  Lake:  Lawson,  721. 
southeastern:  Miller  and  Knight,  848. 
Sudbury  area:  Collins,  269. 
Swastika  area:  Bruce,  142. 
Timiskaming  region,  Huronian:  Collins,  270. 
Pennsylvania,    CoatesvUle    quadrangle:  Bliss 

and  Jonas,  101. 
Quebec,  Bell  River  regk>n:  WUson,  1314. 
Broadback  River  region:  Cooke,  275. 
Buckingham  area:  Wilson,  1315. 
Kewagama  Lake  area:  Wilson,  1313. 
southern:  Harvie,515. 
Rhode  Island,  Diamond  Hlll'Cumberland  dis- 
trict: Warren  and  Powers,  1256. 
Texas,  Van  Horn  quadrangle:  Richardson,  999. 
Vermont,  Bennington:  Gordon,  476. 
Hardwick:  Richardson  ttoi.,  997. 
ODOonformity:  Keith,  648. 
Woodbury:  Richardson  ct  ai.,  997. 
Yukon,  International  boundary:  Caimes,  186. 
Klondike  district:  Bell,  75. 
PaUontoU)gy. 
Algonklan  algal  flora:  Waloott,  1246. 

Preclona  stonei.    See  also  Diamonds;  Sapphires; 
Turquoise. 
United  States:  Sterrett,  1135. 

Primates.    See  Mammalia. 

Promeryoochcerus,  Nebraska:  Peterson,  940. 

Protosoa. 

Fusulinas,  nomenclature:  Girty,  463. 

Pterosauria:  Huenc,  591. 

Pyrite. 

United  States:  Phalen,  944. 

Quadra  Island,  British  Columbia:  Caimes,  191. 

QnatenuuT.    See  aim  Glacial  geology. 
Stratiffraphy. 
Alaska,  Ilanagita-Bremner  region:  Mofflt,  854. 

Mount  St.  Elias  region:  Maddren,  799. 
Arizona,  Buckskin  Mountains:  Blanohard,  96. 
British   Columbia,    East    Kootenay   district: 
Schofleld,  1041. 

Nanaimo  area:  Clapp,  225. 

Vancouver  Island,  southern:  Clapp,  227. 
California,  Inyo,  and  White  Mountains:  Knopf, 
6S6. 

Mohave  Desert:  Buwalda,  181:  Pack,  902. 

San  Francisco  district:  Lawson,  724. 
Missouri  River:  Todd,  1173. 
New  York,  Long  Island:  Fuller,  441. 
Nwth  Dakota,  south  central:  Leonard,  737. 
Oklahoma,  Grandfleld  district:  Munn,  869. 
Pennsylvania,  Wyoming  Valley:  Darton,  309. 
Quebec,  Kewagama  Lake  area:  Wilson,  1313. 
Tennessee,  Porrj^  County:  Wade,  1239. 
Texas,  Coastal  Plain:  Deussen,  336. 

Van  Horn  quadrangle:  Richnnlson,  999. 


Qiiat«niAX7— Coatlnned. 
PaUontologf. 
British  Columbia,  East  Kootenay,  Pleistocene 

flora:  Hollick,  561. 
California,  Pleistocene:  Oldroyd,  887. 
Iowa,  Pleistocene  Mammalia:  Hay,  522. 
Missouri,    post-Pliocene    MoUusca:  Sampson 

1026. 
Platygonus,  Kansas:  Peterson,  937. 
Pleistocene  flora,  Southern  States:  Berry,  88. 

Qneboe. 

OeneraL'  Clarke,  243. 

Broadback  River  regfon:  Cooke,  275. 
Eeonomie. 

OeneraL'  Parks,  921. 

Asbestos:  Dresser,  368. 
Thetford:  Woolsey,  1336. 

Buckingham  area:  Wilson,  1315. 

Building  stones:  Paries,  921. 

Clay:  Keele,645. 

Copper:  Bancroft,  33. 

Gold,  Kewagama  Lake  area:  Wilson,  1313. 

Granite,  eastern  Quebec:  Mailhiot,  800. 

Iron  ores:  Dulieux,  371. 

Kewagama  Lake  area:  Wilson,  1313. 

Bfica:  De  Sehmld,  334. 

Mining  operations,  1913:  Denis,  333. 

Southern  Quebec:  Dresser,  367. 
PkiftUigTa'phie. 

Kewagama  Lake  area:  Wilson,  1313. 

Marine  beaches:  Goldthwait,  470. 

Shore   lines,   marine,   soatheastem    Quebec: 
Goldthwait,  469. 
StTatigraphic. 

Anticosti  Island:  Twenhofel,  1190. 

Bell  River  region:  Wilson,  1314. 

Broadback  River  region:  Cooke,  275. 

Buckingham  area:  Wilson,  1315. 

Glacial  drift,  Magdalen  Islands:  Goldthwait, 
474. 

Kewagama  Lake  area:  Wilson,  1313. 

Levis:  Raymond,  981, 982. 

Lorraine:  Foerste,428. 

Monteregian  Hills:  O'Neill,  892. 

Montreal  regfon,  Pleistocene:  Stansfleld,  1120. 

Mount  Royal:  Buchan,  148. 

Mount  Wissick:  Kindle,  675. 

Orford  area:  Harvie,  515. 

Pre-Cambrian:  Miller  and  Knight,  848. 

Southern  Quebec:  Dresser,  367. 
serpentine  belt:  Harvie,  515. 

Trenton  group:  Raymond,  980. 
Paleontology. 

Anticosti  Island  faunas:  Twenhofel,  1190. 

Faunal  succession,  Levis:  Raymond,  982. 

Ixsvls:  Raymond,  981. 

Lorraine  fauna:  Foerste,  428. 
Petrology. 

Bell  River  region:  Wilson,  1314. 

Kewagama  Lake  area:  Wilson,  1313. 

Monteregian  Hills:  O'Neill,  802. 
Mineralogy. 

Scapollte,  Buckhigham:  Stansfleld,  1121. 

QuiekaUrer. 

Califomia:  Veatch,  1236. 

Sonoma  County:  Palmer,  015 
United  States:  McCaskey,  777. 
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Badtem. 

Oenerul:  Howard,  681. 

Colorado:  Bastin,  67;  Parsons,  923. 

Pennsytvania,  Mauch  ChmUc:  Wherry,  1278. 

United  States:  Hess,  629. 

Utah:  Parsons,  922. 

Radium-bearing  minerals:  Malcolm,  801. 

Rainy  Hollow  district,  British  Columbia:  McCon- 
neU,  784. 

Rainy  Lake,  Arcfaean  geology:  Lawson,  721. 

Raritan  quadrangle,  New  Jersey:  Bay  ley  et  a/.,  66. 

Rectogioma:  Van  Tuyl  and  Berckhemer,  1227. 

BaUaf  mapa. 

Alaska:  Brooks,  125. 

Colorado,  south  central:  Cross,  288. 

Oregon:  Swartley,  1166. 

B«ptiUA. 

Genenl:  Lull,  769;  WUUston,  1306. 
Alberta,  Cretaceous:  Lambe,  707. 
Dinosaur ia.  Belly  River  formation:  Lambe, 

706,706. 
Anchioeratops,  Alberta:  Brown,  134. 
ArflBOSoelis,  Texas,  Permian:  Williston,  1309. 
Archosaur^:  Huene,  590. 
Aspideretes,  Belly  River  formation:  Lambe, 

709. 
Camarasaurus:  Mook,  858,  869. 
Ceratopsia:  Brown,  134. 
Corythosaurus,  Alberta:  Brown,  136. 
Cretaceous,  Benton,  ichthyosaurlan:   Oilmore, 

461. 
Diadectes:  Broom,  126. 
Dinosauria:  Huene,  589, 693. 
Alberta:  Lambe,  706-708. 
osteology:  Oilmore,  460. 
Dinosaur-turtle  analogy:  Wieland,  1293. 
Distribution,   etc..   Carboniferous:   Williston, 

1310. 
EdE^hosaurus:  Case,  206. 
Leptooeretops,  Alberta:  Brown,  137. 
Lysorophus,  Permian,  Texas:  Huene,  588. 
Monockmius,  Alberta:  Brown,  135. 
IContana:  Oilmore,  462. 

oeratopsian  dinosaur:  Oilmore,  462. 
Petyoosauria:  Broom,  128. 
Pterosauria:  Huene,  591. 
Rflstarations    of    Permocarboniferous    forms: 

Williston,  1306. 
Saurischia:  Huene,  592. 
Btegosaurus:  Oilmore,  460. 
Trachodontids,  classiAcation:  Brown,  136. 
Triassic:  Huene,  592. 
Turtles,  Cretaceous,  Alberta:  Lambe,  709. 

Republic  district,  Washington:  Lindgren  and  Ban- 
croft, 753. 

Resins  in  Paleosoic  coaLs:  White,  1283. 

Bastonttioiia. 

AriBOscelis,  Texas,  Permian:  Williston,  1309. 
Archeosigillaria:  Clarke,  243. 
Brontotherinm:  Osbora,  897. 
Camarasaurus:  Mook,  858. 
Cephalopoda:  Clarke,  243. 
Diploceras,  Uinta  Eocene:  Peterson,  935. 
Edaphosaurus:  Case,  206. 
Elephant:  Osbom,898. 


Baitonitioiia— Continued. 
Eotitanops:  Osbom,897. 
Eurypterida:  Clarke,  243. 
Mastodon:  Osbom,  898. 
Methods:  Osbom,  897. 
Permocarboniferous  amphibians  and  reptiles: 

Williston,  1308. 
Promeryoochcenis,  Nebraska:  Peterson,  940. 
ReptUfa:  Williston,  1306. 
Stegosauru«:  Oilmore,  460. 
Trachodon:  Shimer,  1084. 

Rhode  lalaad. 

Anthracite:  Ashley,  23. 
Dfnamie  and  atruetural. 
Metamorphism,    Narragansett    Basin:  Lahee, 
703. 
StnUigraphk. 
Cumberland-Diamond    Hill    district:  Warren 

and  Powers,  1256. 
Diamond  H Ill-Cumberland  district:     Warren 

and  Powers,  12')6. 
Narragansett  Basin:  Loughlin  and  Hechlnger, 
767. 
Petroloffjf. 
Diamond  Hill-Cumberland  district:     Warren 
and  Powers,  1256. 

Rfee  lAke  gold  district,  Manitoba:  Harding,  512; 
Wallace,  1251. 

Richmond  beds  of  Cincinnati  group:  Shideler,  1082. 

Rigidity  of  the  earth:  Mtehelson,  841. 

Ripple  marki. 

Oerurat  Epry,  396;  Kindle,  681. 
Cambrian  and  Ordovician:  Kindle,  681. 
Huronian  quartclte.  Cobalt,  Ontario:  Ilore,  575. 

RlTen. 

Missouri  River,  Plebtocene  history:  Todd ,  1 1 73. 

Road  materiali. 

Iowa:  Beyer  and  Wright,  90. 

Tennessee:  Purdue,  970. 

Rochester  district,  Nevada:  Schrader,  1048. 

Rock  slides.    See  Landslides. 

Rocks  described.    See  lint,  p.  144. 

Rookt,  itmctaral  f eatnrei. 

Carbonaceous   schists.   Lake  of  the    Woods: 

Greenland,  495. 
Columnar  structure  In  limestone:  Kindle,  675. 
Interference  ripples:  Kindle.  674. 
Mud  cracks:  Moore,  863. 
Nova  Scotia:  Kindle,  675. 

Russellvnie  iron  district,  Ala.:  Sawypr,  1033. 

RutUe. 

United  States,  eastern:  Watson,  1261. 

Saginaw  oil  fleld,  Michigan:  Smith,  1107. 

Salinei. 

California,  Searles  Lake:  Dolbear,  357. 

southeastern:  Gale,  449. 
Croat  Baiin  regfon:  Young,  13,'j2. 

Salt. 

California,  Saline  Valley:  Gale,  444. 
Manitoba:  MacLean  and  Wallace,  796. 

saline  springs:  Cole,  260. 
Michigan:  Cook,  273. 
New  York:  Newland,  874. 
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Salt— Continued. 

Southern  States:  Phalen,  949. 
United  States:  Phalen,946;  Schoabe],  1038. 
West  Virginia,  Kanawha  County:  Krebs  and 
Teets,  607. 

Salt  domes,  origin:  Washbnme,  1258. 

Salton  Sea:  MacDougal  et  al.,  791. 

Sand.    See  aho  Glass  sand  and  Silica. 
United  States:  Stone,  1147. 

Banditone.    See  alio  QUhdb,  Building  stone. 
New  York:  Newland,  874. 

San  Fmncifloo  district,  Callfoniia:  Lawson,  724. 

San  Francisco  district,  Utah:  Butler,  172. 

San  Francisco  folio  (193):  Lawson,  724. 

San  Juan  district,  Galilomia:  Anderson  and  Mar- 
tin, 18. 

Saikatohawan. 
Eeonomie. 

Beaver  Lake  mining  district:  Bruce,  144. 

Clay  and  shale  deposits:  Ries  and  Keele,  1006. 

Oold,  Beaver  Lake  district:  Bruce,  144. 

Willowbunch  area:  Rose,  1017. 
Straiigraphie. 

Willowbunch  area:  Rose,  1017. 

Saurischia:  Huene,592. 

Sawtooth  quadrangle,  Idaho:  Umpleby,  1210. 

Searles  Lake,  Cal.:  Gale,  449. 

Bedlmantation.    See  alto  Conglomerates,  Erosion. 
OeneroL'  Udden,  1203. 
Chesapeake  Bay,  mouth  of  Choptank  River: 

Hunter,  597. 
Qassiflcation  of  sediments:  Trowbridge,  1182. 
Clastic  sediments,   mechanical  composition: 

Udden,  1203. 
Contemporaneous  deformation:  Lahee,  704. 
Foreset  beds  and  slope  deposits:  Chamberlin, 

212. 
Limestone,  origin:  Walcott,  1246. 
Parting  in  coal  bed:  Rogers,  1014. 
Shawangunk   conglomerate,   Ulster    County. 

N.  Y.:  Brown,  128. 
Transportation  of  debris  by  running  water: 

Gilbert,  458. 

Segmentation  of  earth:  Chamberlin,  214. 

Qeiamology.    See  alto  Earthquakes. 
Oenerat  Gutldires  Lanza,  503. 
Earthquake  sea  waves:  Reid ,  990. 
Perceptibility  of  weak  earthquakes:  Wood,  1327. 
Seismographic  records.  Harvard:  Wood  worth, 
1335. 

Selenliun. 

United  States:  Hess,  529. 

Serpentine:  Julien,  635. 

Shale. 

Alberta:  Ries  and  Keele,  1006. 

British  Columbia:  Ries  and  Keele,  1006. 

Canada,  western  provinces:  Ries,  1001, 1005. 

Minnesota:  Grout  and  Soper,  502. 

New  Brunswick:  Keele,  644. 

Saskatchewan:  Ries  and  Keele,  1006. 

Shawangunk  conglomerate,  Ulster  County,  N.  Y.: 

Brown,  128. 
Shelf  seas:  Chamberlin,  210. 


Shinumo  quadrangle,  Arixona:  Noble,  880. 

Shore  Unei.    See  aUo  Beaches;  Terraces. 
Oenenl:  Johnson,  620. 

Graigton  Lake,  tilted  shorelines:  Hubbard,  586. 
Lake  Agassis:  Leverett,  744. 
Quebec,  southeastern:  Gold thwait,  469. 

SUloa. 

United  States:  Katz,  637. 

Silicates,  natural,  constitution:  Clarke,  238. 

Silnxlan.    For  Lower  Silurian  »ee  Ordovician. 
Stratifpraphp. 
Alaska,  international  boundary:  Caimes,  186. 
Alaska- Yukon  boundary:  Oalmes,  187. 
Alexandrian  series:  Keyes,  659;  Savage,  1031. 
Anticofiti  Island:  Twenhofel,  1190. 
Arctic  regions,  EUesmere  Land :  Holtedahl,  562. 
British  Columbia,  Field  area:  Allan,  5. 
Cataract  formation:  Schuchert,  1054. 
Illinois,  La  Salle:  C&dy,  185. 

northwestern:  Cox,  278. 
Kentucky,  Wayne  County:  Munn,  869. 
Maine,  Eastport  quadrangle:  Bastin  and  Wil- 
liams, 60. 
Manitoba:  Kindle,  676;  MaoLean  and  Wallace, 

796. 
Medina  formation:  Schuchert,  1054. 
Michigan:  Cook,  273. 

Wayne  County:  Sherier,  1061. 
New  Jersey,  Raritan  quadrangle:  Bayley  et  al., 

66. 
New  York,  Attica-D^>ew  quadrangles:  Luther 
775. 
Erie  County:  Houghton,  577. 
Medina  sandstone:  Kindle,  680. 
Niagara  regfon:  Kindle,  680. 
Syracuse  quadrangle:  Hopkins,  571. 
Ulster  County:  Brown,  128. 
Nova     Scotia,     Arisaig-Antigonish     district: 

Williams,  1300. 
Ontario,  Manitoulin  Island:  Williams,  1301. 
southwestern:  Stauffer,  1123;  Williams,  1303, 
1304. 
Quebec,  Antioosti  Island:  Twenhofel,  1190. 

southern:  Harvie,  515. 
Tennessee,  Perry  County:  Wade,  1239. 
Waynesboro  quadrangle:  Drake,  366. 
Virginia,  Abingdon  quadrangle:  Stose,  1152. 
Yukon,  international  boundary:  Caimes,  186. 
Paleontology. 
Alexandrian  series:  Savage,  1031. 
Antioosti  Island  faunas:  Twenhofel,  1190. 
Arctic  regions:  Schuchert,  1055. 

EUesmere  Land:  Holtedahl,  562. 
Maine,  Eastport  quadrangle:  Bastin  and 

Wniiamjs,  60. 
New  York,  Gastropoda:  O'Connell,  884. 

SiWer. 

Oeneral. 

Classification  of  deposits:  Lindsley,  755. 

Enrichment:  Palmer,  913. 
Alaska:  Brooks,  124. 

British  Columbia,  Hazelton:  Malloch,  803. 
California,  Inyo  and  White  Mountains:  Knopf, 
686. 

Darwin  district:  Knopf,  687. 

Central  States:  Butler  and  Dunlop,  175. 
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811f«r— Continusd. 

Oolorado,  8flv€r  Lake  basin:  Pro8Mr,965. 
Eastern  States:  McCaskey,  776. 
Idaho,  Dome  district:  Umpleby,  1309. 

Mullan:  Calkins  and  Jones,  102. 

Sawtooth  quadrangle:  Umpleby,  1210. 
Mexlooy   Zlni^>an    (Hidalgo):  Llndgren    and 

Whitehead,  754. 
Montana,  Dillon  quadrangle:  Wlnchell,  1310. 

MarysTllle  district:  Goodale,  475. 

Park  County:  Gardner,  451. 

Salteae:  Calkins  and  Jones,  102. 
Nevada,  Rochester  district:  Schrader,  1048. 
New  Mexico,  Organ  Mountain  district:  Welsh, 
1274. 

Plnos  Altos  district:  Wade,  1241. 
Ontario,  Cobalt:  BeU,  74. 
Oregon,  Baker  district:  GrantandCady,487. 

northeastern:  Swartley,  1155. 

Sumpter  quadrangle:  Pardee  and  Hewett, 
018. 
United  States:  McCaskey,  778. 
Utah,  San  Francisco  district:  Butler,  172. 
Washington,  northeastern:  Bancroft,  31. 

Republic  district:  Llndgren  and  Bancroft,  753. 

Silver  Lake  basin,  Colorado:  Prosser,  065. 

Sink  holes. 

Missouri,  Rolla  quadrangle:  Lee,  727. 

BlAte. 

Southern  States:  Grasty  and  dine,  400. 
United  States:  Dale  et  al.,  902. 

Soapitone. 

Georgia:  Hopkins,  568. 
United  States:  Dfller,  854. 

SoUa. 

Indiana:  Barrett,  62. 
Kentucky:  Jones,  632. 
Mississippi:  Logan,  760. 
United  States:  Whitney  et  al.,  1201. 

Solar  hypothesis  of  dlmatlc  changes:  Huntington, 

Soath  CaroUaa. 
Economic. 

Phosphate:  Rogers,  1013. 
Dynamic  and  etructural. 

Charleston,  seismic  activity:  Taber,  1156. 
StTaiigraphk. 

Charleston,  baring:  Stephenson,  1128. 
Paleontolon. 

Charleston,  boring:  Stephenson,  1128. 

Cretaceous,  Upper,  Qotbr:  Berry,  80. 

Neocene  Mollusca:  Olsson,  889. 
Underground  waier, 

Charleston  wells:  Palmer,  012. 

Soiath  Dakota. 
Oeneral. 

Report  of  State  geologist  1013-14:  Perisho,  03a 
Eoonofnic, 

Harney  Peak  region:  Zlegler,  1355. 
Dfnumk  and  ttrvetwaL 

Granite  Intrusioo,  Black  HUls:  Paige,  906. 
PkfHoffraphie. 

,  WlsooQsin  drift-philn,  Sioux  Falls  regkm:  Car- 
man, 206. 


South  Dakotar-Continaad. 
atratigraphie. 
Cheyenne  River  Indian  Reservation:  Calvert, 

e<aZ.,  103. 
Standing  Rock  Indian  Reservation:  Calvert  et 
al.,  193. 
liineraiogg. 
Black  HUls:  Zelgler,  1353, 1354, 1356. 

Standing  Rock  Indian    Reservation,  North  and 
South  Dakota:  Calvert  et  al,  193. 

Stateollths:  Crosby,  287. 

Stegosaurus:  Gllmore,  460. 

Step  f anltlBs. 

New  Jersey,  Rarltan  quadrangle:  Bayley  et  al., 
66. 

StephanosBurus:  Lambe,  706. 

Stone.    See  alto  Building  stone. 
United  States:  Burchard,  154. 

Stxmtisraphlc  (general).    For  regional  ue  nameM  of 
StaUt.    See  alto  the  different  tgttema. 
GeneraL  Keyes,  673. 

Cretaceous-Tertiary  boundary:     Brown,  133; 

Matthew,  810;  Osbam,805;  Stanton,  1122. 
Rocky  Mountain  region:  Knowlton,  602. 
Time>table:  Schuchert  and  Barrell,  1057. 
CorreUUion. 
Alexandrian  series:  Savage,  1031. 
Antloostl  Island:  Twenhofel,  lioa 
Cambrian,  Cordillera:  Burling,  157. 
Cretaceous,  Iowa:  Keyes,  655. 
Eocene,  Wyoming  and  New  Mexico:    Granger, 

485. 
Hawthorn  formation:     Vaughan  and  Cooke, 

1235. 
Mkoene,  Atlantic  coast:  Olsson,  888. 
Montana  beds:  Sternberg,  1132. 
Montana  group :  Steblnger,  1 126. 
Narraganaett  Basin:  Loughlln  and    Hechinger, 

767. 
New  York,  Long  Island,  Pleistocene  formations: 

Fuller,  441. 
Ordovlclan,  Trenton  of  Kentucky  and  Tennes- 
see: Foerste,  426. 
Pre-Cambrian,  Canada:  Coleman,  262;  Collins, 

270;  Leith,732;  Miller,  847;  Mlll«r  and 

Knli^t,  848;    Schofleld,  1043. 
Tertiary,  California  and  Great  Basin:  Merrlam, 

832. 
Texas,  Coastal  Plain:  Deussen,  336. 
Table  offormationt. 
Alaska- Yukon  boundary:  Caimes,  187. 
Antigua:  Brown,  130. 
Arlsooa,  Shlnumo  quadrangle:  Noble,  880. 
British  Columbia,  Field  area:  Allan,  5. 
Nanaimo  area:  Clapp,  225. 
Tulameen  district:  Camsell,  197. 
Vancouver  Island:  Clapp,  223. 
Cambrian,  Cordillera:  Burling,  157. 
Carlwnlferous:  Keyes,  661. 
Idaho,  southeastern:  Richards  and  Maasneld, 

995. 
Illinois,  northwestern:  Cox,  278. 
Iowa:  Keyes,  660,  666. 
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StnitlgTaplilo— Continued. 
Tabu  offormatioM—Oyntiaaed. 
Kentucky,  central:  Foha,  430. 

Georgetown  quadrangle:  Miller,  843. 
Lake  Superior  region:  Keyes,  662. 
Manitoba:  Kindle,  676. 
Michigan:  Cook,  273;  Bmith,1108. 

Qwinn  iron  district:  Allen,  14. 

Little  Lake  dlstrfct:  Allen  and  Barrett,  15. 
Minnesota:  Grout  and  Soper,  502. 
Mississippian:  Weller,  1270. 
Missouri,  northeastern:  Greene,  494. 
Montana,  Big  Sandy  field:  Bowen,  105. 

Cleveland  field:  Bowen,  104. 
Narragansett  Basin:  I^ughlin  and  Hechinger, 

767. 
Newfoundland,  Cambrian  and  OrdoVician:  Van 

Ingen,  1222. 
New  York:  Miller,  849. 

Attica-Depew  quadrangles:  Luther,  775. 

Erie  County:  Houghton,  577. 

Niagara  region:  Kindle,  680. 

Saratoga  Springs  region:  Gushing  and  Ruede- 
mann,296. 

Syracuse  quadrangle:  Hopkins,  571. 
North  America:  Schucbert  and  Barrell,  1057. 
North  Dakota,  Cannonball  River  lignite  field: 

Lloyd,  75S. 
Nova  Scotia,  Arisaig-Antigonish  district:  Wil- 
liams, 1300. 
Ontario,  Manitoulin  Island:  Williams,  1301. 

Onaphig  sheet:  Collins,  283. 

Rainy  I^ake:  Lawson,  721. 

southwestern:  Stouffer,  1123;  Williams,  1303. 
Ordovician,  central  Kentucky:  Foerste,  426. 
erogenic  epochs:  Blackwelder,  92. 
Pennsylvania,  Coatesville   quadrangle:    Bliss 

and  Jonas,  101. 
Pre^^ambrian:  Coleman,  262;  Collins,  270;  Miller 

and  Knight,  848;  Schofield,  1043. 
Quebec,  Bell  River  region:  Wilson,  1314. 

Kcwagama  Lake  area:  Wilson,  1313. 
Tennessee,  Perry  County:  Wade,  1239. 

Waynesboro  quadrangle:  Drake,  366. 
Texas,  Coastal  Plain:  Deussen,  336. 
Wyoming,  Big  Muddy  dome:  Bamett,  39. 

Douglas  field:  Bamett,  41. 

Lincoln  County:  Schultz,  1058. 

Moorcroft  field:  Bamett,  40. 

Shoshone  River  section:  Hewett,  534. 

Stream  piracy. 

Missotiri,  southeastem:  Pake,  298. 
Virginia,  western:  Watson  et  a/.,  1265. 

Stream  valleys:  Rich,  992. 

Stromatoporoidea. 

Cryptophragmus:  Raymond,  983. 

Strontium. 

Ariiona:  Phalen,942. 
California:  Phalen,  942. 
United  States:  Hill,  540. 

Study  and  teaching.    See  Educational. 

Snbaldaace.    See  also  Changes  of  level. 
Mining  subsidence:  Knox,  694. 

Subterranean  water.   See  Underground  water. 

Sudbury  series:  Coleman,  262. 


Snlphnr. 

Texas,  southwestern:  Becker,  70. 
United  States:  Phalen,  944. 
Wyoming,  Park  County:  Hewett,  533. 

Sulphur  Springs  deposits:  Slebenthal,  1086. 

Sumpter  quadrangle,  Oregon:  Pardee  and  Hewett, 
918. 

Sun  River  district,  Mont.:  Powers  and  Shimer,  959. 

Snrreyi. 

Canada,  Summary  report,  1912  and  1913:  Brock, 
120, 121. 

Florida:  Sellards,  1066. 

Indiana:  Barrett,  52. 

Iowa,  State  geologist's  report:  Kay,  640, 641. 

Michigan,  director's  report:  Allen,  12. 

New  Jersey ,  report  1913 :  Ktimmel ,  609. 

North  Dakota:  Leonard,  736. 

South  Dakota,  report  of  State  geologist  1913-14: 
Perisho,  930. 

State  surveys:  De Wolf,  337. 

Tennessee,  geologist's  report,  1914:  Purdue,  967. 

United  States  Geological  Survey,  Director's  re- 
port: Smith,  1100. 

Tables  of  geologic  formationa.   See  under  Strati- 
graphic. 
Talc. 

Georgia:  Hopkins,  568. 

New  York:  Newlands  874. 

Origin:  Jacobs, 611;  Julian, 635. 

United  States:  Diller,354. 

Vermont :  Jacobs,  611. 

Technique. 

Contour  projection:  Smith,  1111. 

Faultr.nder:  Simons',  1088;  Weeks  and  Hunt- 
ington, 1267. 

Geologic  mapping:  Paige,  905. 

Graphic  methods  for  solution  of  geologic  prob- 
lems: Smith,  nil. 

Microscope,  reflecting:  Ray,  976. 

Petrographic  reports:  Tomlinson,  1177. 

Sulphur  mounting  of  specimens:  Reeds,  987. 

Tellnriiua. 

United  States:  Hess,  529. 

Temblor  Basin,  California:  Anderson  and  Martin 

18. 
Tenneisee. 
General. 

Geologist's  report,  1914:  Purdue,  967. 
Economic. 
Bauxite:  I'urdue,  969. 
C^per,  Ducktown:  Thompson,  1167. 
Iron,  eastern  Tennessee:  Burchard,  150. 
tj-pes  of  deposits,  east]  Tennessee:  Gordon, 
479. 
Phosphate:  Barr,    42;  Brown,    139;  Ma>'nard, 
824. 
south  central  Tennessee:  Brown,  138;  Hook, 
567. 
Road  materials:  Purdue,  970. 
Tripoli,  Glenn,  466. 

Butler:  Glenn,  465. 
Waynesboro  quadrangle:  Drake,  366. 
Zinc:  Purdue,  972. 
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itinued. 
Djfnamk  and  ttruetural. 

Earthquakes,  east  Tennessee:  Gordon,  477. 

Hillside  wash:  Purdue,  968. 
Pkjfnogrnphk. 

Plains:  Glenn,  467. 
StmtiifTajMe. 

Perry  County:  Wade,  1239. 

Waynesboro  quadrangle:  Drake,  366. 
Paieontoloffy. 

Trapa,  Henry  County:  Berry,  85. 
MinenUogff.' 

Ducktown  minerals:  Van  Horn,  1219. 

T«inioea.    See  aUo  Beaches;  Shore  lines. 
Climatic  theory:  Huntington,  598. 
Connecticut  Valley:  Fairchild,  400. 
Delaware  River:  Winchell.  1323. 
Hudson-Champlain  valley:  Fairchild,  400. 

Tertiary. 
StTatigrapkif. 
Alaska,  Bering  River  field:  Fisher  and  Calvert, 
422. 
Yakataga  district:  Maddren,  798. 
Alberta,  Sheep  River  field:  DowUng,  362, 364. 
Antigua:  Brown,  130. 

British  Columbia,  Boundary  district:  LeRoy, 
738. 
Fraser  River  valley:  Bowen,106. 
Graham  Island:  Clapp,226;  MacKenzle,  793. 
Groundhog  coal  field:  Malloch,  802. 
LniooetrChilko  Lake:  Bateman,  61. 
Savona  area:  Rose,  1016. 
Thompson  River  valley:  Drysdale,  360. 
Vancouver  Island:  Clapp,  223. 
southern:  Clapp,  227. 
CaliTomla,  Alleghany  district:  Ferguson,  417. 
Cahuilla  Basin:  Free,  438. 
Coollnga  region:  Pack  and  English,  903. 
Colorado  Desert:  Kew,  653. 
Eocene:  Arnold  and  Hannibal,  22;  Waring, 
1254. 
Martinet  group:  DIckerson,  340. 
Fernando  group:  English,  393. 
lone  formation:  DIckerson,  346. 
Mohave  Desert:  Pack,  902. 
Rock  Creek  area:  DIckerson,  342. 
San  Francisco  district:  Lawson,  724. 
San  Juan  district:  Anderson  and  Martin,  18. 
Santa  Ana  Mountains:  DIckerson,  341. 
Tejon  group:  DIckerson.  339. 
Temblor  district:  Anderson  and  Martin,  18. 
Cannonball    member    of    I^ance    formation: 

•     Lloyd,  759. 
Colorado,  northwestern:  Woodruff  and  Day, 

1333. 
Correlation,  Pacific  region  and  Great  Basin: 

Merriam,  832. 
Costa  Rica,  Talamanca  region:    MacDonald, 

788;  Miller,  845. 
Cretaceous-Eocene  contact,  Atlantic  and  Gulf 

Coastal  Plain:  Stephenson,  1120. 
Cretaceous-Tertiary   boundary:    Brown,    133; 
Matthew,  819;    Osbom,  885;    Stanton, 
1122. 
Rocky  Mountain  region:  Knowlton,  602. 
Eocene:  Matthew,  820. 


TortUiry— Continued . 
iSfra/i^apAy-— Continued. 
Eocene  formations,  Rocky  Mountains,  petro- 

graphic  characters:  Johannsen,  615. 
Florida,  Alachua  clays:  Sellards,  1009. 
Georgia:  Berry,  80. 
Idaho,  southeastern:  Richards  and  Mansfi«ld« 

995. 
Iowa:  Keyes,  656. 

Miocene  correlation,  Atlantic  coast:  Olsson,  888. 
Montana,  Big  Sandy  field:  Bowen,  105. 
Dillon,  quadrangle:  \.'inchell,  1319. 
Pine  Ridge  field:  Rogers,  1012. 
Sheridan  County:  Bauer,  64. 
Nevada,  west  central:  Buwalda,  183. 
New  Mexico,  Eocene:  Granger,  485. 
San  Ju^  Basin,  Paleocene  deposits:  Sinclair 
and  Granger,  1093. 
North  Dakota,  Cannonball  River  lignite  field: 
Lloyd,  758. 
south  central:  Leonard,  737. 
Standing  Rock  Indian  Reservation:  Calvert 
et  ol.,  193. 
Oklahoma,  Grandfleld  district:  Munn,  860. 
Oregon,  Baker  district:  Grant  and  Cady,  487. 
Eden  Ridge  field:  Lesher,  739. 
Eocene:  Arnold  and  Hannibal,  22. 
John  Day  region:  Collier,  266. 
northwestern:  Washbume,  1257. 
southwestern:  DiUer,  352;  Winchell,  1320. 
Sumpter  quadrangle:  Pardee  and  Hewett, 
918. 
South  Carolina:  Berry,  80;  Rogers,  1013. 

Charleston:  Stephenson,  1128. 
South  Dakota,  Cheyenne  River  Indian  Reser- 
vation: Calvert  et  al.,  108. 
Standing  Rock  Indian  Reservation:  Calvert 
et  al.,  193. 
Texas,  Coastal  Plain:  Deussen,  336. 
Uinta  formation:  Douglass,  360. 
Utah,  Canyon  Range:  Loughlin,  764. 

northeast«ii:  Woodruff  and  Day,  1333. 
Virginia,  James  River  valley:  Olsson,  889. 
Washington,  Pierce  County:  Daniels,  308. 

western:  Jones,  633. . 
Wyoming,  Big  Muddy  dome:  Bamett,  30. 
Douglas  field:  Bamett,  41. 
Eocene:  Granger,  485. 
Lincoln  County:  Schultz,  1058. 
Shoshone  River  section:  Hewett,  534. 
Yukon,  White  River  distrfct:  Caimes,  190. 
PaUontology, 
Antigua:  Brown,  IdO. 
fresh-water  mollusks:  Brown  and   Pilsbry, 
132. 
Atlantic  Coastal  Plahi:  Olsson,  889. 
British  Columbia,  Queen  Charlotte  Islands,  in- 
vertebrates: Burwash,  166. 
California,  Colorado  Desert,  Echinoidea:  Kew, 
653. 
Eocene  horisons:  Waring,  1254. 
Eocene,  Martines  fatma:  Dk;kerson,  340. 
Fernando  group:  English,  393. 
Gastropoda:  English,  394. 
Neocene  Mollusca:  Martin,  807. 
Pleistocene,  Aves:  Miller,  846. 
Rock  Creek  area:  Dtekeraon,  342. 
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Terttary— Continued. 
Paleontology— Continued. 

Colifomia,  San  Francisoo  district:    Lawson, 
724. 
Ban  Joan  district:  Anderson  and  ICartin,  18. 
Tejongroap:  Dickerson,  339. 
Temblor  district:  Anderson  and  ICartin,  18. 

Colorado,  Florissant,  Inseota:  Cockerell,  256; 
WkdEham,  1202. 

Diplooeras,  Uinta  Eocene:  Peterson,  985. 

Dolichorhinus,  Uinta  beds:  Peterson,  989. 

Dolphin,  California:  Lull,  771. 

Eocene  faunas:  Matthew,  820, 821. 

Eocene  flora,   southeastern   North  America: 
Berry,  86. 

Georgia  flora:  Berry,  80. 

Heterotitanops,  Uinta  beds:  Peterson,  936. 

Martinet  fauna,  California:  Dickerson,  343. 

New  Mexico,  Mollusca:  Cockerell,  249. 

New  York,  Long  Island:  Oratacap,  491. 

Nevada,  Mammalia:  Merriam,  833. 

Nipadites,  Eocene,  Mississippi:  Berry,  81. 

Oregon,  northwestern:  Washbume,  1257. 
Roseburg  quadrangle:  Dickerson,  347. 

Promerycochcerus,  Nebraska:  Peterson,  940. 

South  Carolina  flora:  Berry,  80. 

Texas,  Coastal  Plain:  Deussen,  336. 

Wyoming,  Mollusca:  Cockerell,  249, 251. 

Texada  Island,  British  Columbia:  McConnell, 
779. 
Teiai. 
Economic. 

Coal:  PbflUps  and  Worren,  960. 

Fuels:  Phillips  and  Worrell,  950. 

Lignite:  Phillips  and  Worrell,  950. 

Natural  gas,  north  Texas:  Nicholson,  875. 

Petroleum,  north  Texas:  Nicholson,  875. 

Sulphur,  southwestern  Texas:  Becker,  70. 

Van  Horn  quadrangle:  Richardson,  999. 

Zinc,  Culberson  County:  Udden,  1204. 
Djfnamic  and  structural. 

Gravels,  origin:  Udden,  1201. 
Phyjtiographic. 

Van  Hcvn  quadrangle:  Richardson,  999. 
Stratiffraphic. 

Boring  at  Spur,  Dickens  County:  Udden,  1202. 

Coastal  Plain:  Duessen,  336. 

Red  beds:  Case,  208. 

Van  Horn  qiudrangle:  Richardson,  999. 
Pakontdlogjf. 

ArEDOScelis,  Sejrmour:  Williston,  1300. 

Brolliellus,    Permian   amphibian:    Williston, 
1307. 

Coastal  Plain:  Deussen,  336. 

Date  palm,  Tertiary:  Berry,  83. 

Edaphosaurus:  Case,  206. 

Lysorophus,  Permian:  Huene,  588. 

Reptilia,  Permian:  Williston,  1309. 
Petrology. 

Oolitic  and  pisolitic  barite,  Saratoga  oil  field: 
Moore,  862. 
Mineralogy. 

Meteorites,    Davis    Mountains,    JeiT    Davis 
County:  Farrlngton,  409. 
Underground  water. 

Coastal  Plain:  Deussen,  386. 


Teztbooki. 

Abr^^  de  google:  Huard,  685. 
Crystallography:  Walker,  1247. 
Determination  of  mineralB  and  rodks:  Hobbs, 

548. 
Engineering  geology:  Riee  and  Watson,  1007. 
Geology:  Chamberlin,  214. 
Mineralogy:  Foye,  435. 
Physical  geography:  Hopkins,  570. 
Physiography:  Tarr  and  Martin,  1158. 
Thresberodiscus:  Foerste,  429. 
Tillite:  Sayles,  1034. 

TUtftDf. 

Craigton   Lake,  tilted  shore  lines:  Hubbard, 

586. 

Ohio,  Ashland  and  Wayne  counties:  Hubbard, 

687. 
Tin. 

Alaska,  Seward  Peninsula:  Chapin,  220,  221. 

South  Dakota,  Harney  Peak  region:  Ziegler, 

1355. 

United  States:  Hess,  529. 

Titanium.    See  also  Rutile. ' 
United  States:  Hess,  529. 

Titanotheres,  phylogeny:  Osbom,  896. 

Tonopah  district,  Nevada:  Balliet,  30. 

Tortugas  atoll:  Vaughan,  1231. 

Transportation  of  d6bris  by  running  water:  Gilbert, 
458. 

TrajA:  Berry,  85. 

Txlanio. 
Stratigraphg. 
Ariiona,  Little  Colorado  Valley:  Gregory,  497. 
British  Columbia,  Graham  Island:  Clapp,  226. 
Prince  Rupert-Aldermere:  McConnell,  781. 
Savona  area:  Rose,  1016. 
Texada  Island:  McConnell,  779. 
Tulameen  district:  Camsell,  197. 
Vancouver  Island,  Duncan  area:  Clapp  and 
Cooke,  230. 
southern:  Clapp,  227. 
California,  Bully  Hill  district:  Boyle,  113. 
Inyo  and  White  Mountains:  Knopf,  686. 
Colorado,  southwestern:  Cross  and  Larsen,  290. 
Idaho,  southeastern:  Richards  and  Mansfield, 

995. 
New  Jersey,  Lockatong  formation:  Hawkins, 
520. 
Raritan  quadrangle:  Bayley  rt  al.,  66. 
New  Mexico,  red  beds:  Case,  208. 
Nevada,  Rochester  district:  Schrader,  1048. 
North  Carolina,  Dan  River  field:  StonG,'1146. 
Oregon,  Baker  district:  Grant  and  Cady,  487. 
Pennsylvania,  Lockatong  formation:  Hawkins, 

520. 
Texas,  red  beds:  Case,  208. 
Wyoming,  Douglas  field:  Bamett,  41. 
Lhicohi  County:  Schultz,  1058. 
Paleontology. 
California,  oestraclont  shark:  Bryant,  145. 
North  America,  marine  invertebrates:  Smith, 

1102. 
Reptilia:  Huene,  502. 
Unios,  Massachusetts:  Troxell,  1188. 
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TrllobitM. 

Dikelooepbaliiw,  Cambrian:  Waloott,  1344. 
laotelus  gfgfff,  ontogeny:  Raymond,  079. 
Paradoxides,  ontqeeny:  Raymond,  078. 

TzlpoU. 

Missouri,  Senaca  district:  Plumb,  057. 
Oklahoma:  Plumb,  957. 
Temiessee,  Butler:  Glemi,  465;  Olenn,  466. 
Waynesboro  quadrangle:  Drake,  366. 

Tufa. 

Illinois,  Danville:  Decker,  332. 

Ta&  deposits,  origin:  Jones,  628. 

Timfiten. 

Getural:  Steinbart,  1127. 

South  Dakota,  Harney  Peak  region:  Ziegler, 

1355. 
United  States:  Hess,  529. 
Washington,  northeastern:  Bancroft,  31. 

Turtles.   5e«Reptilia. 

Uinta  formation:  Douglass,  360. 

Ifnconformitlai. 

Oeneral'  Chamberlin,  209. 

Bediiord-Berea:  Burroughs,  160. 

Cretaoeous-Eocene  contact,  Atlantic  and  Onlf 
Costal  Plain:  Stephenson,  1130. 

Cretaceous-Tertiary  boundary:  Matthew,  819. 

Huronian,  Michigan:  Allen  and  Barrett,  15. 

Michigan,  Little  Lake  district:  Allen  and  Bar- 
rett, 15. 

Moencopie-Bhinarump:  Gregory,  497. 

Narragansett  Basin:  Loughlin  and  Hechinger, 
767. 

Ohio,  Mississippian:  Lamb,  705. 

Pre-Cambrian:  Sederholm,  1063. 

Sub-Cambrian:  Leith,  731. 

Sub-Jurassic,  Colorado:  Cross  and  Larsen,  291. 

XTndergroimd  water  (general).    See  alw  Oeysers; 
Mineral  waters;  Spring;  Thermal  waters. 
For  regional  aee  name*  of  Stales. 
Great  Plains:  Meinzer,  828. 
Ground-water  table,  lowering  of:  Cook,  274. 
Oil-fleld  waters,  chlorides  in:  Washbume,  1258. 
Water  analyses:  Clarke,  239. 

Ungulata.    See  Mammalia. 

Upper  Silurian.    See  Silurian. 

TTxaBlmn. 

Camotites,  origin:  Hess,  528. 
United  States:  Hess,  529. 

Utah. 
Econofnic, 
Bituminous  shale:  Woodruff  and  Day,  1334. 
Book  cliffs  coal  fields:  Lewis,  748. 
Canyon  Range:  Loughlin,  764. 
Camotite  deposits,  origin:  Hess,  528. 
Camotite  ores:  Howard,  581. 
Coal,  Thompson,  Grand  County:  Clark,  235. 

Wales,  Sanpete  County:  Clark,  236. 
Oil  and  gas,  Green  River  field.  Grand  County: 

Lupton,  773. 
Oil  shale,  northeastern  Utah:  Woodruff  and 

Day,  1333. 
Park  City  district:  Van  Horn,  1220. 
Phosphate,  northern  Utah:  Peterson,  941. 


Utah— Continued. 
JSconomJo— Continued. 

Radium:  Parsons,  922. 

San  Francisco  district,  Utah:  Butler,  172. 

Zinc  ores,  Tintic  district:  Loughlin,  765. 
StratigTaphic. 

Cambrian:  Burlbig,  157. 

Canyon  Range:  Loughlbi,  764. 

Coal,  Thompson,  Grand  County:  Clark,  236. 

Green  River  area:  Lupton,  773. 

San  Francboo  district,  Utah:  Butler,  172. 

Uinta  formation:  Douglass,  360. 
Paleontologf. 
—  Titanothere,  Dollchorhinus:  Peterson,  939. 

.   Uinta  Eocene:  Peterson,  935, 936. 
Mineraloifif. 

Metahewettite:  HiUebrand  et  al.,  541. 
-  Park  City  district:  Van  Horn,  1220, 1221. 

Pintadoite:  Hess  and  Schaller,  531. 

Uvanite:  Hess  and  Schaller,  531. 

Valtoys. 

Anticlinal  valleys:  Purdue,  971. 
Stream  valleys:  Rich,  992. 

VanAdlnm. 

United  States:  Hess,  529. 

Van  Horn  folk)  (194):  Richardson,  999. 

Van  Horn  quadrangle,  Texas:  Richardson,  999. 

Vetmei.    See  also  Annelida. 

Vermont. 

Economic. 
Marble:  Perkhis,  932. 

eastern  Vermont:  Dale,  301. 

western  Vermont:  Dale,  300. 
Mineral  resources:  Perkins,  933. 
Talc:  Jacobs,  611. 
StratigTaphic. 
Bennington:  Gordon,  476. 
Greensboro:  Richardson  and  Tinner,  996. 
Hardwick:  Richardson  et  al.,  997. 
Unconformity,  pre-Cambrian:  Keith,  648. 
Woodbury:  Richardson  «<  aZ.,  997. 

Vertflbrata  (general).  See  al»o  Amphibia,  Aves, 
Mammalia,  Pisces,  and  Reptilia. 

Canada:  Lambe,  712,  713. 

Evolutfon,  time  ratios:  Matthew,  817. 

Judith  River  and  r>ow  Island  beds:  Sternberg, 
1132. 

Kansas,  Cretaceous:  Sternberg,  1131. 

Paleoeene:  Matthew,  819. 

Wyoming,  Miocene:  Sternberg,  1131. 

Virginia. 
Oeneral. 

Report  State  geologist  191^13:  Watson,  1260. 
Economic. 
Coal,  Pound  quadrangle:  Butts,  179, 180. 
Powell  Mountain,  Scott  County:  Campbell, 
194. 
Phosphate,  southwestern  Virginia:  Stose,  1152. 
R utile:  W^aston,  1261. 
Phpsiographic. 
Stream  piracy,  western  Virginia:  Watson  et  al., 
1265. 
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Vlrgliila— OonUnued. 
Stratiffraphk. 

Mfooene,  James  River  yalley:  0]s8on,  889. 

Oidovician,  southwest  Virginia:  Powell,  058. 

Fomid  quadrangle:  Butts,  179, 180. 
Paleontology. 

Neocene  Mollusca:  O]8son,880. 

Voloaalo  aih. 

Oeneral-  Buttram,  177. 
Oklahoma:  Buttram,  177. 

Volcanic  rocks.    See  Igneous  and  volcanic  rockq. 

Voleanlm. 

Oeneml:  Buttram,  177;  Iddings,  603. 
ICagmatic  gases:  Meunier,  840. 
Volcanic  phenomena,  diagrammatic  represen- 
tation: Perret,934. 

Voleanoef. 

OeneraL'  Buttram,  177. 

California,  Lassen  Peak,  eruptions:  Boyce,  112; 

Diller,  34{K-351;     Holway,  565;     Storms, 

1151;  Wright,  1347. 
Costa  Rica,  Miravalles:  Peralta,  929;  Tristin, 

1179. 
Hawaii,  Kilauea:  Bay,  325;  Hawaiian  Volcano 

Observatory,  518, 519;  Jaggar,  612. 
Nicaragua,  Masaya:  Sapper,  1029. 

Voteanoei  (extinct). 

British  Columbia,  Coast  Range:  Burwash,  167. 

Oaribaldi  volcanic  area:  Burwash,  169. 
Mount  Royal,  Quebec:  Buchan,  148. 

Waihinston. 

Economic. 

Cement  materials:  Sbedd,  1080. 

Coal,  Pierce  County:  Daniels,  308. 

Glacier  coal  field,  Whatcom  County:  Woodruff, 
1332. 

Issaquah  coal  field:  Evans,  398. 

Mineral  resources:  Landes,  714. 

Northeastern  Washington:  Bancroft,  31. 

Olympic  Peninsula,  western  part:  Lupton,  774. 

Republic  district:  Lindgren  and  Bancroft,  753. 
Dynamic  and  structural. 

Glaciers,  Mount  Rainier:  Matthes,  813. 
PhyeioffrapMc. 

Mount  Rainier,  glaciers:  Matthes,  812. 
Stratigraphic. 

Glacier  coal  field,  Whatcom  County:  Woodruff, 
1332. 

Miocene,  lower:  Weaver,  1266. 

Northeastern  Washington:  Bancroft,  31. 

Olympic  Peninsula,  western  part:  Lupton,  774. 

Pierce  County:  Daniels,  308. 

Western    Washington,    coal-bearing    Eocene: 
Jones,  633. 

Water,  underground.    See  Underground  water. 

Waverly  formatbn,  Kentucky:  Morse  and  Foerste, 
867. 

Waynesboro  quadrangle,  Tennessee:  Drake,  366. 

Well  records.    See  Borings. 

Wells,  deep:  White.  1286. 

West  Indies  (general).    See  alto  namee  ofialande. 
Qeneral. 

Barrier  reefs,  platforms:  Vaughan,  1234. 
Phynographic. 
Coral  reef  areas:  Vaughan,  1232. 


West  VlrfiBla. 
Economic. 
Kanawha  (>>unty:  Krebs  and  Teats,  607. 
Map  of  coal,  oil,  gas,  iron,  and  limestone  areas: 

W.  Va.  G.  S.,  1276. 
Pittsburgh  coal  bed:  Burroughs,  163. 
Preston  County:  Hennen  and  Reger,  627. 

PkyHographic. 
Kanawha  County:  Krebs  and  Teets,  097. 
Preston  County:  Hennen  and  Reger,  527. 

Stratigraphic. 
Boring,  Kanawha  County:  White,  1287. 
Kanawha.County:  Krebs  and  Teets,  697. 
Kanawha  series:  Hennen,  526;  White,  1286. 
Preston  County:  Hennen  and  Reger,  527. 

Paieontology. 
Kanawha  County:  Price,  962. 
Preston  County:  Price,  963. 

White  River  district,  Yukon:  Caimes,  iga 

Willow  Creek  district,  Alaska:  C^pps,  aOS. 

Wind  work. 

General:  Udden,  1203. 

Wisconsin. 

Economic. 
Iron,  <'CUnton"  ore:  Thwailxs,  lliQO. 

Physiographic. 
Lakes:  Birge  and  Jnday,  91. 
Physical  geography:  Martin,  809. 

Paleontology. 
Dikelocephalhiae,  Cambrian:  Waloott,  1244. 

Mineralogy. 
Meteorites,  KUboum:  Farrington,  409. 
Wissahickon  mica  gneiss,  Coatesville  quadran- 
gle, Pa.:  Bliss  and  Jonas,  101. 

Wyominc. 

Economic. 

Douglas  oil  and  gas  field.  Converse  Cknmty: 
Bamett,  41. 

Gold,  Atlantic  City  distrtet,  Fremont  County: 
Trumbull,  1185, 1187. 

Gold  placers,  Wind  and  Bighorn  rivers:  Schro- 
der. 1047. 

Kirwin:  Hewett,533. 

Lincoln  County:  Schultz,  1058. 

Moorcroft  oil  field,  Crook  County:  Bamett,  40. 

Salt  Creek  oil  field,  Natrona  County:  Trum- 
bull, 1186. 

Shoshone  River  section:  Hewett,  534. 

Sulphur,  Park  County:  Hewett,  533. 
Physiographic. 

C-entral    western    Wyoming,    post-Cretaceous 
history:  Blackwelder,  93. 
Stratigraphic. 

Atlantic  City  district,  Fremont  County:  Trum- 
bull, 1185. 

Big    Muddy   dome.   Converse   and    Natrona 
counties:  Bamett,  39. 

Douglas  oil  and  gas  field.  Converse  Cotmty: 
Bamett,  41. 

Eocene  faunal  horizons:  Granger,  485. 

Lincoln  County:  SchulU,  1058. 

Salt  Creek  oil  field,  Natrona  County:  Trumbull, 
1186. 

Shoshone  River  section:  Hewett,  534. 
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WyomlBg^-Continued. 
Paleontology. 
Dinosauria:  Gilmore,  400. 
FooBil   forests,    Yellowstone    Natkmal    Park: 

KnowltOQ,  002. 
Miooene  rertAbrates:  Stemberi;,  1131. 
Tertiary  ICoHusca:  Cockerell,  249, 251. 
Tithyxnalm,  Clarks  Fork  Basin:  Cockerell,  255. 

Petnlogp. 
Eocene  formations,  Rocky  Mountains,  petro- 
graphic  characters:  Johannsen,  615. 

YeUowitoBA  Vatlonal  Park. 
Fossil  forests:  Knowlton,  002. 
Yosemite  VaUey:  French,  440;  Matthes,  811. 

Ttton. 
OtnemL'  TyrreU,  1106. 
White  River  district:  Caimes,  190. 

Eeonomie. 
General'  TyireU,  1106. 
Goal:  Payne,  025;  TyrreU,  1106. 
Klondike  district:  Bell,  75;  Cadell,  184;  Kao- 
Lean,  707. 
White  River  district:  Caimes,  100. 


Yukon— Continued. 
Stratigraphk. 

Alaska-Yukon  boundary:  Caimes,  186, 187, 189. 

Klondike  district:  Bell,  75. 
Paleontology. 

Cambrian:  Burling,  150. 
Jiineralogjf. 

Yukonite:  Tyrrell  and  Graham,  1108. 

Zaphrentis,  revision:  O'Connell,  883. 

Zlno. 

British  Columbia,  Field  area:  Allan,  5. 
California,  Inyo  and  White  Mountains:  Knopf, 


Central  States:  Butler  and  Dunlop,  175. 

Eastern  States:  MoCaskey,776. 

Idaho,  Sawtooth  quadrangle:  Umpleby,  1210. 

Illinois,  northwestern:  Cox,  278. 

Nevada,  Yellow  Pine  district:  Hill,  538. 

Oklahoma,  Arbuckle  Mountains:  Becker,  71. 

Tennessee:  Purdue,  072. 

Texas,  Culberson  County:  Udden,  1204. 

United  States:  Siebenthal,  1087. 

Utah,  San  Francisco  district:  Butler,  172. 

Tintio  district:  Loughlin,  765. 
Washington,  nmtheastem:  Bancroft,  31. 
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Actfnolite,  432, 568. 

Adamelloso,  851. 

Alaskite  porphjrry,  113. 

Alunite,  1048. 

Amphibolite,  223. 

Analcite,  794. 

Andesite,  1319, 1320. 

Andradite,  223, 718. 

Anorthosite,  892. 

Anthophyllite,  668. 

Anthracite,  23. 

Argillite,  1320. 

Auganite,  1319, 1320. 

Augen  gneiss,  420. 

Augite  syenite,  66, 197, 851. 

Auvei^ose,  223,  418,  568. 

Average  analyses,  826. 

Axinlte,  1281. 

Barite,  151. 

Barytes,  430. 

Basalt,  66, 164,  288,  418,  721. 

Beemeroae,  418. 

Beerbachose,  223. 

Boraunite,  1281. 

Biotite  granite,  1142. 

Biotite  granite  gneiss,  223. 

BiotiteK]uartz  monsonite  gneiss,  1281. 

Biotite  vulsinite,  420. 

Blairmorite,  794. 

Bomite,  696. 

Boumonite,  1220. 

Brine,  443. 

Camptonite,  420. 

Camptonose,  418. 

Camotite,  1278. 

CeboUito,  719. 

Chlorite,  568. 

Chromic  iron  ore,  353. 

Chrysocolla,  1211. 

Chrysotilc,  568. 

Clay,  26, 147,  282,  382,  502,  737,  874, 1080. 

Coal,  103, 104, 105, 147, 195, 225, 226, 235, 236, 233, 308, 
363, 397, 422, 494, 551, 552, 555, 536, 600, 682, 739, 748, 
793, 802,  808, 1017, 1032, 1268, 1298, 1320, 1331. 

Corsasc,  568. 

Crinoid  skeletons,  241. 

Crocidolite,  568. 

Custerite,  1214. 

Dacito,  172, 1313. 

Dacito  porphyry,  1320. 

Diabase,  66, 101,  367,  85(),  12fil. 


Diallage,  367. 

Diopside,  223. 

Diopside  rock,  1208, 1209. 

Diorite,  420, 1313, 1319. 

Dolomite,  101, 684, 1313. 

Dolorite,  420. 

Dunite,  568. 

Dunose,  197, 568. 

Empressite,  114, 1096^ 

Enstatitite,  568. 

Epidosite,  420. 

Epidote,  223. 

Epidote  gneiss,  568. 

Essexite,  418. 892. 

Essexite  porphyry,  892. 

Essexose,  418. 

Feldspar  porphyry,  164. 

Gabbro,  420,  568, 850, 1042, 1261, 1320. 

Gabbro-diorite  gneiss,  223. 

Gabbro-nelsonite,  1261. 

Garnet  rock,  1208, 1209. 

Gas,  1075. 

Gneiss,  66, 101, 296,  420,  721. 

Gordunose,  568. 

Granite,  197,  296,  618,  721,  851, 1042,  1142, 1256, 1320. 

Granite  porphyry,  1208, 1209. 

Granodiorite,  197, 223. 

Granophyr,  28. 

Greenstone,  164. 

Greenstone  schist,  721. 

Hartburgite,  568. 

Harzose,  851. 

Heronite,  794. 

Hessose,  197, 568. 

Hewettite,  541. 

Hodgkinsonite,  911. 

Hornblende,  223,  432. 

Hornblende  gabbro,  28, 568, 721. 

Hornblende  gneiss,  568. 

Hornblende  schist,  721. 

Homblende-augite  vogeslte,  '2SS. 

Homblendite,  223. 

Hydronephelito,  5. 

Hypersthcne  gabbro,  28, 1042. 

Ijolite,  5. 

Iron  ore,  20, 150,  268,  749,  750,  751. 

Jamesonite,  1230. 

Kacrsutite,  432. 

Kyanito  schist,  264. 

Lamprophyre,  164. 

Lassenose,  197. 


1  The  analyses  in  Daly,  304,  have  not  been  included  in  this  list. 
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Laterite,1320. 
Lava,  172. 

Leucite  trachyte,  418. 
Lignite,  64, 266, 737, 758. 
Limburgite,  288. 
Limborgose,  288, 418. 

Limestone,  66, 172, 223, 293, 300, 352, 425, 438, 523, 527, 
721,  724,  738,  999, 1080,  1061, 1208,  1209, 1299,  1320. 
Limonite  ore,  66. 
Magnetite  pyroxenite,  1320. 
Marble,  300, 1290. 
Maricose,  568. 
Marl,  1013. 
Melilite,  718. 
Metagabbro,  101. 
Metahewettite,  541. 
Miaakose,  418. 
Mica  gnei«,  101. 
Mica  schist,  101,721. 
Mica  syenite  gneiss,  721. 
Micropegmatite,  1042. 
Minette,  288, 1313. 
Mississippi  silt,  240. 
Monchiquose,  288. 
Monzonite,  172. 
Monzonite  porphyry,  172. 
Monzonose,  738. 
Muthmannite,  1036. 
Nelsonite,  1261. 
Nepbelite  basanite,  288, 418. 
Nephellte^odalite  syenite,  892. 
Nephelite  syenite,  5, 418, 802. 
Narite,  66. 
Oil  shale,  1349. 

Olivine-bearing  augite  vogesite,  288. 
Olivine  monsonite,  288. 
Olivine-plagioclase  basalt,  288. 
Olivine  trachydolerite,  1310. 
Olivine  websterite,  568. 
Oolite,  141. 
Oolitic  sand,  141. 
Ophlcalcite,  66. 
Ourose-kentallenose,  288. 
Pargasite,  432. 
Pascoite,  541. 
Pea*,  1067. 
Peridotite,  197, 1319. 
Petroleum,  41, 534, 998. 
Phosphate,  426. 
Phosphate  rock,  1013. 
Phyllite,  420. 
PicroUte,  568. 
Phitadoite,  531. 
Pisaaite,  1219. 
PsUomelane,  724. 
Pulaskose,  851, 892. 
Pyroxene  rock,  1206, 1209. 


Pyroxenite,  197, 367, 1319. 

Quartz  diorite,  28, 1042. 

Quartz  diorite  gneiss,  223. 

Quartz  monzonite,  172, 1142, 1319. 

Quartzite,  101, 1042. 

Ranite,  5. 

Rhyodacite,  1320. 

Rhyolite,  724, 1048, 1319. 

Rossweinose,  568. 

Rougemontite,  892. 

RouvIUite,  892. 

Rutile,1261. 

Salemose,  862. 

Salines,  449. 

Salt,  443. 

Schist,  420,  496. 

Schorlomite,  5. 

Searlesite,  717. 

Sericite,  5. 

Serpentine,  568, 1320. 

Shale,  502,  724, 874, 1060, 1081. 

Shonkinlte,  892. 

Shoshonoee,  738. 

Silicate  rock,  1200. 

Silt  from  Mississippi  River,  240. 

Slate,  5, 367. 

Soapstone,  568. 

Sodalite,  5. 

Soretlte,  432. 

Spessartite,  1320. 

Sudburite,  264. 

Sulphohallte,  450. 

Syenite,  5,  721, 851, 1261. 

Talc,  568, 611. 

Tawlte,  892. 

Temiskamite,  1248. 

Theralite,  892. 

Tinguaite,  794, 892. 

Tonalite,  1320. 

Toscanose,  851. 

Trachyte  obsidian,  418. 

Tremolite,  432, 568. 

Tripoli,  465. 

Tufl,724. 

Umptekose,  418. 

Urtite,  892. 

Ussingite,  102. 

Uvanite,  531. 

Voteanic  dust,  177. 

Vubinose,  418. 

Water,  228,  239,  283,  682,  715,  829,  999,  1081,  1228, 

1258, 1320. 
Wilkeite,  379. 
Wolframite,  1281. 
Wollastonite  rock,  1208, 1209. 
Yamaskite,  892. 
Yukonite,  1198. 


KIETEBALS  DESCRXBED.i 


ActinoUte,  432, 568. 
Alamosite,  838. 
Anatase,  718. 
Andradite,  718. 
Anhydrite,  449. 
Anthophyllite,  568. 
Aragonite,  765. 


Arsenopyrite,  1219. 
Aurichalcite,  765. 
Axinite,  1281. 
Azurite,  838. 
BabingtonJte,  414, 415. 
Beraunite,  1281. 
Bloedite,  446. 


»  The  minerals  described  in  Eakle,  377,  and  Zlegler,  1353,  have  not  been  included  in  this  list. 
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Borax,  449. 
Bomite,  605. 
Boumonite,  1220. 
Calamine,  765, 1220. 
Calclte,  765. 
CeboUite,  719. 
Chaloophanite,  433. 
ChrysoGolla,  1211. 
Chrysotile,  568. 
Colemanite,  447. 
CrocidoUte,  568. 
Custerite,  1214. 
Empressite,  114, 1036. 
Ferberite,  530. 
Fremontite,  1086. 
Oaylusslte,  449. 
Glauberite,  449. 
Oypsum,  449. 
Halite,  449. 
Hanksite,  440. 
Hewettite,  541. 
Hodgkinsonite,  909, 911 
Hornblende,  432. 
Hydrotincite,  765. 
Inyoite,  1036. 
Jamesonite,  1220. 
Koechlinite,  1036. 
Lucinite,  1036. 
Malachite,  765. 
Manganosite,  433. 
MeLflite,  718. 
Metahewettite,  641. 
Heyerhoilerite,  1036. 
Mirabflite,  449. 
Mutbmannite,  1036. 


Actinolite  schist,  420. 

Alasklte  porphyry,  113. 

Alkaliaplite,  1319. 

AmphJbole-pyroxene  gneiss,  568. 

Amphibolite,  223, 568, 1313. 

Andesite,  60, 1319, 1320. 

Andose,  296. 

Apllte,  1319, 1320. 

Aplite  porph>Ty,  1319. 

Argillite,  1320. 

AuganJte,  1319, 1320. 

Augen  gneiss,  420. 

Augite  minette,  288. 

Augite  porphyrite,  738. 

Augite  syenite,  197. 

Augitite,  1320. 

Auvergnose,  568. 

Basalt,  492, 1313,  1319,  1320. 

Basalt  breccia,  492. 

Beerbachose,  223. 

Biotite  granite  gneiss,  223. 

Biotite-quartz  monzonite  gneiss,  1261. 

Blairmorlte,  794. 

Borolanite,  5. 

Bostonite,  1319. 

Camptonite,  892. 

Corsase,  568. 

Covite,  5. 

Cumberlandite,  1256. 

Dadte,  1313, 1319, 1320. 


Natron,  449. 
Nortbupite,  449. 
Okenite,  379. 
Pandermite,  447. 
Pasoolte,  541. 
Perofskite,  718. 
Picrolite,  568. 
Pintadoite,  531. 
Pirssonite,  449. 
PIsanite,  1219. 
Pseudomalachite,  1356. 
Romeine,  1036. 
Rosooelite,  1340. 
Schneebergite,  1086. 
Searlesitfr,  449, 717. 
Serpentine,  568. 
smimannite,  1356. 
Smithsonite,  765. 
SpangoUte,  433. 
StaoroUte,  1219. 
Sulphohalite,  449, 450. 
Symplesite,  1198. 
Temlskamite,  1248. 
Thenardite,  449. 
Tremolite,  432, 568. 
Trona,  449. 
Tychlte,  449. 
Ussingite,  102. 
Uvanlte,  531. 
Velardenlte,  1036. 
Wilkelte,  379. 
Wolframite,  530, 1281. 
Wurzlte,  974. 
Yukonite,  1108. 


BOOKS  DESCRIBED. 


Diabase,  60,  101,  164,  288,  367,  492,  850,  880,  1261, 

1313, 1315. 
Diorite,  420, 568, 1313, 1319, 1320. 
Diorite  porphyrlte,  223. 
Ditroite,  5. 
Dolomite,  101, 1313. 
Dunite,  568. 
Dunose,  197,  568. 
Enstatitlte,  568. 
Epidosite,  420. 
Epidote,  492. 
Epidote  gneiss,  568. 
Essexlte,  892. 
Essexite  porphyry,  892. 
Feldspar  porphyry,  164. 
Felsite,  1256. 
Foyalte,  5. 

Gabbro,  223, 367, 568, 850, 1042, 1256, 1261, 1313, 132a 
Oabbro-diorite  gneiss,  223. 
Gabbro-diorite-porphyrite,  223. 
Gabbro-nelsonite,  1261. 
Garnet  gneiss,  1315. 
Gneiss,  101,  296,  721,  850, 1261, 1313. 
Gordunose,  568. 
Granite,  60,  164,  197,  296,  367,  420,  721,  850,  1039, 

1042, 1142, 1256, 1313, 1315, 1319, 1320. 
Granite  gneiss,  1315. 
Granite  porphyry,  850. . 
Granitoid  gneiss,  114. 
Granodiorite,  197, 223, 738, 918, 1188, 1319. 
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OmnodJcrite  gneiss,  490. 

Qranophyr,  2S. 

Greenstone,  721. 

Hanburgite,  568. 

Hedrumlte,  5. 

Hessose,  197,  568. 

Homblende-ougite  vogesite,  288. 

Horablende  gabbro,  28, 568. 

Hornblende  gneiss,  568. 

Hornblende  porphyrlte,  420,  738. 

Hornblende  schist,  420, 568. 

Homblendite,  223, 420. 

Hypersthene  gabbro,  28, 1042. 

Hypersthenite,  568. 

Ijolite,  5. 

Kersantlte,  1320. 

Lamprophyre,  164, 197,  721, 1313, 1315. 

Lassenose,  197, 296. 

Laterite,  1320. 

Latite,  794, 1319. 

Laurvikite,  5. 

Limburgose,  288. 

Malchite,  1320. 

Maricose,  568. 

Meta-andeslte,  223. 

Meta-aagite  andesite,  223. 

MeUbasalt,  223. 

Mettagabbro,  101. 

Metaolivine  basalt,  223. 

Metaperidotite,  568. 

Metapyroxenlte,  568. 

MJascite,  5. 

Mica  gneiss,  101. 

Mica  schist,  101,  420,  721. 

Mica  syenite  gneiss,  721. 

Micropegmatite,  114, 1042. 

Minette,  288, 1313, 1319. 

Monchiquose,  288. 

Monzonite,  1142. 

Moneonite  porphyry,  738. 

Monconose,  738. 

Nelsonite,  1261. 

Ncphellte>sodalite  syenite,  882. 

Nephelite  syenite,  5, 892. 

Norite,  114. 

Norite-diorite,  1188. 

OUvine  basalt,  197, 738. 

Olivine  gabbro,  568. 

Olivine  trachydolerite,  1319. 


Olivine  websterite,  568. 

Olivine-bearing  augite  vogesite,  288. 

Olivine-plagioclase  basalt,  288. 

Ourose-kentallenose,  288. 

Pegmatite,  101, 1315, 1319, 1320. 

Periodotite,  197, 367, 568, 1319, 1320. 

Phyllite,  420. 

Plagiaplite,  1319. 

Porphyrite,  367. 

P<Kphyry,  1256. 

Pulaskite  ixxphyry,  738. 

Pyroxene  syenite,  850. 

Pyroxenite,  197, 367, 568, 1315, 1319, 1320. 

Quartz  diabase,  492. 

Quartz  diorite,  28, 880, 1042, 1266. 

Quartz  diorite  gneiss,  223. 

Quartz-feldspar  porphyrite,  223. 

Quartz  latite,  1319. 

Quartz  monzonite,  1142, 1319. 

Quartz  monzonite  aplite,  1319. 

Quartz  monzonite  pcxphyry,  1319. 

Quartz  porphyrite,  738. 

Quartz  syenite,  850. 

Quartzite,  101, 420, 1320. 

Quartzite-diorite,  1042. 

Rhyodacite,  1320. 

Rhyolite,  60, 1319, 1320. 

Rossweinose,  568. 

Rougemontite,  892. 

RouvIUite,  892. 

Salemoss,  892. 

Schist,  420. 

Serpentine,  101, 367, 420, 1330. 

Shoshonose,  738. 

Spessartite,  1320. 

Sudburite,  114, 264. 

8yenit«,  5, 164,  296,  721. 

Syenite  porphyry,  1313. 

Tawite,  892. 

Theralite,  5. 

Tinguaite,  288,  794, 892. 

T6nsbergite,  5. 

Tonalite,  1319, 1320. 

Tonalite  aplite,  1319. 

Trachyte,  794, 1319. 

Tremolite  schist,  420. 

Troctolite,  568. 

Urtite,  5. 

Yamaskite,  892. 
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Anderdon  limestone,  Silmian,  Michigan:  Sherser, 
1081. 
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1123. 

Anderson  Bay  formation,  Triassic,  British  Colum- 
bia: McConnell,  782. 

Andover  granite,  Pennsylvanian,  Massachusetts, 
Clapp,  222. 

Angolashale,  Devonian,  New  York:  Houghton,  577. 

Anianic  period,  pre-Cambrian,  Lake  Superior  re- 
gion: Koyes,  662. 

Animikean,  pre^^ambrlan,  Ontario:  Miller  and 
Knight,  848. 

Animikian  series:  Keyes,  661. 

Animikian  series,  pre>Carobrian,  Lake  Superior  re- 
gion: Keyes,  662. 

Anlmikie,  preCambrian,  Canada:  Coleman,  262. 

Anlmikie  series,  pre-Cambrian,  Ontario:  Miller  and 
Knight,  848. 

Ankareh  shalef  Triassic,  Idaho:   Richards  and 
Mansfield,  995. 

Ankareh  shale,  Triassic,  Wyoming:  Schultz,  1058. 

Anticosii  series,  Silurian,  Antioosti  Island:  Twen- 
hofel,  1190. 

Antigua  formation,  Oligooene,  Antigua:  Brown, 
130. 

Antrim  formation,  Devonian,  Michigan:  Cook,  273. 

Antrim  shale,  Devonian,  Michigan:  Sherzer,  1081; 
Smith,  1108. 

Apsey  formation,  Ordovician,  Nevrfoundland:  Van 
Ingen,  1222. 

Arago  beds,  Eocene,  California  and  Oregon:  Arnold 
and  Hannibal,  22. 

Arago  formation,  Eocene,  Oregon:  Lesher,  739. 

Ardness  formation,  Carboniferous,  Nova  Scotia: 
WiUiams,  1300. 

Arisaigserios,  Silurian,  Nova  Scotia:  Williams,  130a 

Arkansan  series:  Keyes,  661. 


Amheimlimestone,  Ordovician,  Tennessee:  Dreke^ 
366. 

Amoldsburg  sandstone,  Pennsylvanian,  West  Vir- 
ginia: Krebs  and  Teets,  607. 

Ashcroft  rhsrolite  porphyry  formation.  Tertiary, 
British  Columbia:  Drysdale,  360. 

Ashton  schists,  pre-Cambrian,  Rhode  Island  and 
Massachusetts:  Warren  and  Powers,  1256. 

Aspen  fonnation.  Cretaceous,  Wyoming:  Schults, 
1058. 

Astoria  shale,  Oligooene  and  Miocene,  Oregon: 
Washbume,  1257. 

Atchison  tenane.  Carboniferous,  Iowa:  Keyes,  661. 

Atkinson  terrane,  Ordovician,  Iowa:  Keyes,  661. 

Athens  shale,  Ordovician,  Virginia:  Stose,  1152. 

Atoka  formation,  Pennsylvanian,  Arkansas  and 
Oklahoma:  Smith,  1097. 

Atoka  formation,  Pennsylvanian,  Oklahoma:  Sni- 
der, 1113. 

Aturia  lone  of  Astoria  shale,  Oregon:  Washbume, 
1257. 

Augur  conglomerate  lentil,  Permian,  Oklahoma 
Munn,  869. 

Aubrey  group.  Carboniferous  (Pennsylvanian),  Ari- 
sona:  Hill,  539;  Noble,  880. 

Avalonian  formation,  pre-Cambrian,  Newfound- 
land: Van  Ingen,  1222. 

Bad  Vermilion  Lake  granite,  pre-Cambrian,  Onta- 
rio: Lawson,721. 

Bakerstown  fire  clay,  Pennsylvanian,  West  Vir- 
ginia: Krebs  and  Teets,  607. 

Bald  Mountain  limestone,  Ordovician,  New  York: 
Cushing  and  Ruedemann,  296. 

Bald  Peak  basalt.  Pliocene,  California:  Lawson, 
724. 

Baltimore   gneiss,  pre-Cambrian,    Pennsylvania: 
Bliss  and  Jonas,  101. 

Banff  (Lower)  limestone.  Carboniferous,  Alberta 
Allan,  5. 

Banff  (Lower)  shale,  C^boniferous,  Alberta:  Al- 
lan, 5. 

Banff  (Upper)  limestone,  Carboniferous,  Alberta: 
Allan,  5. 

Banff  (Upper)  shale,  Permian,  Alberta:  Allan,  5. 

Bass  limestone,  Algonkian,  Arizona:  Noble,  880. 

Bass  Island  series,  Silurian,  Michigan:  Sherzer 
lOSl;  Smith,  1108. 

Bastion  schists,  pre-Beltian,  British  Columbia: 
Daly,  306. 

Baxters  Brook  formation,  Ordovician,  Nova  Scotia: 
Williams,  1300. 

Bayport    limestone,     Misslsslppian,     Michigan: 
Smith,  1108. 

Bajrport  (Maxville)  limestone,  Mlssisslpplan,  Mich- 
igan: Cook,  273. 

Bays  sandstone,  Ordovician,  Virginia:  Stose,  1152. 

Beach  formation,  Ordovician,  Newfoundland:  Van 
Ingen,  1222. 

Bear  River  formation,  British  Columbia:  McCon- 
nell, 780. 

Bear    River    formation.    Cretaceous,    Wyoming: 
SchulU,  1058. 

Bearpaw  shale,  CYetaceous,  Montana:  Bowen,  103, 
104, 105;  Stebinger,  1125, 1126. 

Bearpaw  shale,  tapper  Ch)taceous  or  Eocene,  Moo- 
tana:  Stebinger,  1124. 
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B«arp«wahal«,QretBoeoi]8,  Alberta:  DoirtinK,302, 

OOf. 

Beaumont  clay,  Pleistocene,  Texas:  I>eas8eny  336. 

Beckwith  formation,  Cretaceous  and  Jurassic, 
Idaho:  Richards  and  Mansfield,  906. 

Beckwith  formation,  Jurassic,  Wyoming:  Schults, 
1058. 

Becsie  Hirer  formation,  Silurian,  Antioostl  Island: 
Twenhofel,  1190. 

Bedford  "angen''  gneiss,  New  York:  Fettke,  420. 

Bedford  formation,  Carboniferous,  Ohio  and  Ken- 
tucky: Morse  and  Foerste,  867. 

Beechhill  Cove  formation,  Silurian,  Nova  Scotia: 
Williams,  1300. 

BcediRiverlimestone,Sflurian,  Tennessee:  Drake, 
366. 

Beech  River  member,  Silurian,  Tennessee:  Wade, 
1239. 

Bee  Spring  sandstone.  Carboniferous,  Kentucky: 
Bryant,  147. 

Bell  Island  series,  Ordoviclan,  Newfoundland:  Van 
Ingen,  1222. 

Bell  shale,  Devonian,  Michigan:  Cook,  273. 

BeDevue,  Ordoviclan,  Indiana:  Comings  and  Gallo- 
way, 295. 

BelUngham  series.  Carboniferous,  Rhode  Island  and 
Massachusetts:  Warren  and  Powers,  1256. 

Belly  River  beds.  Cretaceous,  Alberta:  Stebinger, 
1126. 

Belly  River  beds,  Qretaceous,  Canada:  Brown,  133. 

BeUy  River  formatfon.  Cretaceous,  Alberta:  Dowl- 
ing,  302,  364. 

Belly  River  formatfon.  Cretaceous,  Canada:  Steb- 
inger, 1125. 

Belt  series,  Algonkian,  Idaho  and  Montana:  Calk- 
ins and  Jones,  192. 

Beltian,  pre-Cambrian,  British  Columbia:  Soho- 
field,  1043. 

Beltian  system:  Daly,  306. 

Benson  conglomerates.  Cretaceous,  British  Colum- 
bia: Clapp,  225. 

Benson  limestone,  Ordoviclan,  Kentucky:  Foerste, 
427. 

Benton  formatfon,  Oretaoeous,  Alberta:  MacKen- 
sie,  792,  794. 

Benton  shale,  Qietaoeous,  Minnesota:  Orout  and 
Soper,  502. 

Benton  shale.  Cretaceous,  Wyoming:  Bamett, 
39,41. 

Berea  formatfon.  Carboniferous,  Ohfo  and  Ken- 
tucky: Morse  and  Foerste,  867. 

Berea  grit,  Misslssipplan,  Michigan:  Cook,  273. 

Borea  sandstone,  Cteboniferous,  Ohfo:  Burroughs, 
147. 

Berea  sandstone,  Mississlppian,  Mfohigan:  Sherser, 
1081;  Smith,  1106. 

Berkefoy  group.  Pliocene,  California:  Lawson,  724. 

Berkshhe  schist,  Ordoviclan,  Vermont:  Dale,  300. 

Bertfo  limestone,  Sflurian,  New  York:  Houghton, 
577. 

Bertfo  waterline,  Silurian,  New  York:  Hopkins, 
571. 

Bertram  terrane,  Silurian,  Iowa:  Keyes,  661. 

Bethany  terrane.  Carboniferous,  Iowa:  Keyes,  661. 

Bethany  Falls  limestone,  Pennsylvanian,  Iowa: 
Tflton,  1070. 


Beverly  syenites,  Mississlppian  or  Pennsylvanian^ 
Massachusetts:  Clapp,  222. 

Bigby  formation,  Ordovidan,  Kentucky:  Miller, 
843. 

Bionewater  sandstone.  New  York:  Brown,  140. 

Birmingham  shate,  Pennsylvanian,  West  Virginia: 
Krebs  and  Teets,  697. 

Bitter  Creek  formatfon,  British  Cohmibia:  McCon- 
nell,  780. 

Biwabik  formatfon,  Algonkian,  Minnesota:  Orout 
and  Soper,  602. 

Black  shale,  Devonian,  Tennessee:  Wade,  1239. 

Black  Creek  formation.  Cretaceous,  South  Carolina: 
Stephenson,  1129. 

Black  Creek  formatfon.  Upper  Cretaceous,  South 
Carolina:  Berry,  80. 

Black  Hand  formatfon.  Carboniferous,  Ohfo  and 
Kentucky:  Morse  and  Foerste,  867. 

Blackstone  series,  pre-Cambrian,  Rhode  Island  and 
Massachusetts:  Warren  and  Powers,  1256. 

Bloomsbury  formatfon,  Quebec:  Hayes,  523. 

Blue  Canyon  formatfon.  Carboniferous,  CalifomJa: 
Ferguson,  417. 

Bob  limestone,  Silurian,  Tennessee:  Drake,  366. 

Bob  member,  Silurian,  Tennessee:  Wade,  1239. 

Boggy  shale,  Pennsylvanian,  Arkansas  and  Okla- 
homa: Smith,  1097. 

Boggy  shale,  Pennsylvanian,  Oklahoma:  Snider, 
1113. 

Bohfo  conglomerate.  Tertiary,  Costa  Rica:  Mao- 
Donald,  788. 

Bolivar  fire  clay,  Carboniferous,  West  Virginia: 
Hennen  and  Reger,  527;  Krebs  and  Teels,  697. 

Bomoseen  grit,  Cambrian,  New  York:  Cushing  and 
Ruedemann,  296. 

Bonavista  formation,  Cambrian,  Newfoundland: 
Van  Ingen,  1222. 

Bonita  sandstone,  Jurassfc?,  California:  Lawson, 
724. 

Bonneterre  formation,  Cambrian,  Missouri:  Lee, 
727. 

Boone  formatfon,  Mississlppian,  Oklahoma:  Snider, 
1114. 

Boone  limestone,  Mississlppian,  Oklahoma:  Smith, 
1098. 

Boss  Point  formation,  Pennsylvanian,  Nova  Scotfo: 
Bell,  77. 

BoBworth  formation,  Cambrian,  British  Columbia: 
Allan,  5, 6. 

Boulder  granite,  Jurassic,  British  Columbia:  Cam- 
sell,  197. 

Bowling  Green  limestone,  Silurian,  Illinois,  Mis- 
souri: Savage,  1031. 

Bowling  Green  limestone,  Silurian,  Missouri: 
Keyes,  659. 

Boyle  limestone,  Devonian,  Kentucky:  Munn,  809. 

Bragdon  formaUon,  Carboniferous,  California:  Fer- 
guson, 416. 

Brainard  terrane,  Ordovfoian,  Iowa:  Keyes,  661. 

Brannon,  Ordovfoian,  Kentucky:  Miller,  843. 

Biannon  limestone,  Ordovfoian,  Kentucky: 
Foerste,  427. 

Brassfield  formatfon,  Sflurfon,  Ohfo  and  Indiana: 
Schuchert,  1034. 

Brassfield  limestone,  Silurian,  Kentucky:  Morae 
and  Foerste,  867. 
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Brassfleld  limestGne,  Silurfan,  TenneBsee:   Drake, 

366;  Wade,  1239. 
Bretooian  dlvisiaii,  Cambrian,  New  Brunswick: 

Matthew,  816. 
Browerville  formation,  Misslssipplan,  Mississippi 

VaUey:  WeUer,  1270. 
Brewerville  sandstone,  Mississippian,  Illinois:  Wel- 

ler,  1209. 
Bridger  formation.  Tertiary,  Colorado  and  Utah: 

Woodruff  and  Day,  1333. 
Bright  Angel  shale,  Cambrian,  Arisona:  Hill,  539; 

Noble,  880. 
Brigus  formation,  Cambrian,  Newfoundland:  Van 

Ingen,  1222. 
Briones  sandstone,  Miocene,  California:    Lawson, 

724. 
Broadback  series,  pr»€ambrian,  Quebec:   Cooke, 

275. 
Bromley  member,  OrdovJcian,  Kentucky:  Foerste, 

427. 
Brooklyn  formation,  Carboniferous,  British  Colum- 
bia: LeRoy,  738. 
Brown  Mead  formation,  Ordovlcian,  Newfound- 
land: Van  Ingen,  1222. 
Browns  Mountain  group,  Ordovician,  Nova  Scotia: 

Williams,  1300. 
Brownsportformation,  Silurian,  Tennessee:  Drake, 

366. 

Brownsport  group,  Silurian,  Tennessee:  Wade,  1239. 

Brownstown  sandstone,  Carboniferous,  West  Vir- 
ginia: Krebs  and  Teets,  697. 

Bruce  s6ries,  pre^^ambrian,  Ontario:  Collins,  270. 

Brunswick  shale,  Trlasste,  New  Jersey:  Bayley  el 
ol.,  66. 

Brush  Creek  formation,  Carboniferous,  West  Vir- 
ginia: Uennen  and  Reger,  527. 

Buckingham  series,  pre<^ambrian,  Quebec:  Wil- 
son, 1315. 

Buena  Vista  member,  Carboniferous,  Ohio  and 
Kentucky:  Morse  and  Foerste,  867. 

Buffalo  sandstone.  Carboniferous,  West  Virginia: 
Hennen  and  Reger,  527;  Krebs  and  Teets,  697. 

Bulkley  eruptives,  Cretaceous  or  Tertiary,  British 
Columbia:  Malloch,  802. 

Burke  formation,  Algonkian,  Idaho  and  Montana: 
Calkins  and  Jones,  192. 

Burlington  limestone,  Mississippian,  Mississippi 
Valley:  Weller,  1270. 

Burlington  terrane,  Carboniferous,  Iowa:  Keyes, 

661. 
Burnett  formation,  Tertiary,  Washington:  Daniels, 

308. 
Burton  formation,  Cambrian,  British  Columbia: 

Burling,  157;  Schofield,  1041, 1043. 
Bushberg  sandstone,  Mississippian,  Mississippi  Val< 

ley:  Weller,  1270. 
Buxton  formation,  Carboniferous,  Oklahoma:  But- 

tram,  178. 
Byram  gneiss,  pre^ambrlan,  New  Jersey:  Bayley 

eta/.,  66. 
Cabot  Ilrad  member,  Silurian,  Ontario:  Williams, 

1301,  1303. 
Cabots  Head  shale  member,  Silurian,  New  York  and 

Ontario:  Schuchert,  1054. 
Cache  Creek  group,  Carboniferous,  British  Colum- 
bia: Drysdale,  369. 


Cache  Creek  aades,  Carbonifenms,  British  Cohim- 

bia:  Bateman,  61. 
Cache  Lake  beds.  Tertiary  (Pliooene),  CalifomJa: 

Dickerson,  340. 
CahU  sandstone,  Jiuassicr,  California:  Lawson,  724. 
Calaveras  group,  Carboniferous,  California:  Fergu- 
son, 417. 
Calera  limestone  member,  Jurassic?,  Califbmia, 

Lawson,  724. 
Callaway  limestone,  Devonian,  Missouri:  Branson, 

118. 
Cambric  period,  Lake  Superior  region:  Keyes,  662. 
Cambridge  slate,  Massachusetts:  Sayles,  1034. 
Cambridge  slates,  Permian,  Massachusetts:  Clapp, 

222. 
Camden  chert,  Devonian,  Tennessee:  Wade,  1239. 
Oamillus  beds,  Silurian,  New  York:  Hopkins,  571. 
Camillus  shale,  Silurian,  New  York:    Houghton, 

577;  Luther,  775. 
Campbells  Creek  limestone.  Carboniferous,  West 

Virginia:  Krebs  and  Teets,  097. 
Campus  formation.  Pleistocene,  California:  Lawson, 

724. 
Canajoharie  shale,  Ordovician,  New  York:  Cush- 

ing  and  Ruedemann,  296. 
Cannelton  limestone,  Carboniferous,  West  Virginia: 

Krebs  and  Teets,  607. 
Cannonball  marine  member.  Tertiary,  North  Da- 
kota: Lloyd,  758. 
Cannonball  member,  Tertiary:  Knowlton,  602. 
Cape  Ann  granite,  Mississippian  or  Pennsyh'anian, 

MassBChusettj:  Clapp,  222. 
Cape  Horn  formation,  Carboniferous,  California: 

Ferguson,  417. 
Carbonado  formation.  Tertiary,  Washington:  Dan- 
iels, 306. 
Carbondale    formation,    Pennsylvanian,    Illinois: 

Blatchley,  98, 100;  Hinds,  543. 
Cardiff  shale,  Devonian,  New  York:  Houghton, 

577;  Luther,  775. 
Cardiff  shales,  Devonian,  New  York:  Hopkins,  571. 
Cardium  sandstones,  Cretaceous,  Alberta:  Dowling, 

362,364. 
Caribbean  limestone.  Tertiary,  Costa  Rica:  Mac* 

Donald,  788. 
Carllle  shale,  Cretaceous,  Wyoming:  Bamett,  40. 
Carolhia  gneiss,  pr»<^ambrian,  Georgia:  Hopkins, 

568. 
Carrizo  formation,  Algonkian?,  Texas:  Richardson, 

999. 
Cashaqua  shale,  Devonian,  New  York:  Houghton, 

577;  Luther,  775. 
Casper  formation,  Carboniferous,  Wyoming:  Bar- 

nott,  41. 
Cassville  plant  shale,  Perm<><?arboniferous,  West 

Virginia:  Krebs  and  Teets,  607. 
Castile  gypsum,  Permian,  Texas:  Richardson,  999. 
Catahoula  sandstone,  Tertiary,  Texas:  Deussen,  336. 
Cataract  formation,  Silurian,  New  York  and  Onta- 
rio: Schuchert,  1054. 
Cataract  formation,  Silurian,  Ontario:  Williams, 

1301, 1303. 
Cathedral  formation,  Cambrian,  British  Columbia: 

Allan,  5,  6. 
Catskill  series,  Devonian,  West  Virginia:  Hennen 

and  Reger,  527. 
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Cedar  yoloanlc  series,  Tertiary  (Oligocene),  British 
Ckdtimbia:  Camsell,  197. 

Cedar  District  formation,  Cretaceous,  British  Co- 
lumbia: Clapp,  225. 

Cedar  Valley  limestones,  Devonian,  Iowa:  Keyes, 
657. 

Chancellor  formation,  Cambrian,  British  Colmnbia: 
Allan,  5, 6. 

Channahon  limestone,  SUmian,  Illinois:  Savage, 
1031. 

Chanute  shale,  Pennsylvanian,  Iowa:  Tilton,  1170. 

Chapman  sandstone,  Devonian,  ICalne:  Clarice,  244. 

Charleton  formation,  Ordovlcian,  Anticostl  Island: 
Twenhofel,  11(N). 

Chattanooga  shale,  Devonian,  Kentucky:  Munn, 

ChattflChooga  shale,  Devonian,  Tennenee:  Drake, 

366;  Wade,  1239. 
Chattanooga  terrane,  Carboniferous,  Iowa:  Keyes, 

661. 
Chehalis  formation.  Eocene,  California  and  Oregon: 

Arnold  and  Hannibal,  22. 
Chemung  series,  Devcmian,  West  Virginia:  Hennen 

and  Reger,  527. 
Cbemungan  series:  Keyes,  661. 
Cherokee  formation,   Pennsylvanian,   Oklahoma: 

Smith,  1098. 
Cherokee  shale.  Carboniferous,  Missouri:  Greene, 

494. 
Cherokee  terrane.  Carboniferous,  Iowa:  Keyes,  661. 
Chenyvale  shale,  Pennsylvanian,  Iowa:  Tilton, 

1170. 
Cherry  Valley  (Agoniatites)  limestone,  Devonian, 

New  York:  Hopkins,  571. 
Chester  group,  Carboniferous,  Kentucky:  Bryant, 

147. 
Chester  group,  Mississlppian,  Illinois:  Blatchley, 

100;  Weller,  1389. 
Chests'  group,  Mississlppian,  Kentucky:  Bryant, 

147. 
Chester  group,  Mississlpian,  Mississippi  Valley: 

Weller,  1270. 
Chester    Valley    limestone,    Cambro-Ordovlcian, 

Pennsylvania:  Bliss  and  Jonas,  101. 
Chickamauga    limestone,    Ordovlcian,    Virginia: 

Stose,  1152. 
Chick ies  formation,  Cambrian,  Pennsylvania:  Bliss 

and  Jonas,  101. 
Chlco,  Cretaceous,  California:  Dlckerson,  340. 
Chlco  formation.  Cretaceous,  California:  Arnold  and 

Qarfias,  21;  Lawson,  724;  Pack  and  English,  903 
Chlco  group,  Cretaceous,  California:  Dlckerson,  341 
Chlco  group.  Cretaceous,  Oregon:  Winchell,  1320. 
Chicotte   formation,    Silurian,    Anticostl   Island 

Twenhofel,  1190. 
Chilton  sandstone,  Carboniferous,  West  Virginia 

Krebs  and  Teets,  097. 
ChimneyhlU  formation,  Oklahoma:  Reeds,  986. 
Chlpola  marl,  Tertiaiy,   Florida:  Vaughan  and: 

Cooke,  1235. 
Chisna  formation,  Carbcniliarous,  Alaska:  Moffit, 

854. 
Chouteau  limestone,  Mississlppian,  Mississippi  Val- 
ley: Weller,  1270. 
Chouteau  terrane.  Carboniferous,  Iowa:  Keyes,  661. 
Chugwater  formation,  Trlassic?,  Wyoming:  Bar- 

nett,  41. 


Cincinnati  group,  Ordovlcian,  Ontario:  Williams, 
1301. 

Cisco  formation.   Carboniferous,   Texas:   Udden, 
1302. 

Claggett  formation,  Cretaceous,  Montana:  Bowen, 
103, 104, 105;  Stebinger,  1126. 

Claggett  shales.  Cretaceous,  Alberta:  Dowllng,  362, 
364. 

Claiborne  group,  Eocene,  Georgia:  Berry,  80. 

Claiborne  group,  Eocene,  Texas:  Deussen,  336. 

Clallam  formation,  Oligocene  and  Miocene,  Wash- 
ington: Lupton,  774; 

Claremont  shale,  Miocene,  California:  Lawson,  734. 

Clarenville  series,  Ordovlcian,  Newfoundland:  Van 
Ingen,  1222. 

Clarion  fire  clay.  Carboniferous,  West  Virginia: 
Hennen  and  Reger,  527. 

Clarion  sandstone,  Carboniferous,  West  Virginia: 
Hennen  and  Reger,  527. 

Clark  Fork  beds.  Tertiary,  Wyoming:  Granger,  485. 

Clarksburg  limestone,  Pennsylvanian,  West  Vir- 
ginia: Krebs  and  Teets,  697. 

Clamo  formation.  Eocene,  Oregon:  Collier,  286. 

Clear  Fork  formation,  CarboniliBrous,  Texas:  Case, 
208. 

Clermont  terrane,  Ordovlcian,  Iowa:  Keyes,  661. 

Cleveland  shale,  Devonian,  Ohio:  Burroughs,  160. 

Clinch  sandstone,  Silurian,  Virginia:  Stose,  1152. 

Clbiton  formation,  Silurian,  Michigan:  Smith,  1108. 

Clinton  formation,  Silurian,  New  York:  Schuchert, 
1054. 

Clinton  formation,  Silurian,   Ontario:   Williams, 
1303. 

Clinton-Rochester  shales,    Silurian,    New   York: 
Hopkins,  571. 

Clore  formation,   Mississlppian,   Illinois:  Weller, 
1269. 

Clore  formation,  Mississlppian,  Mississippi  Valley: 
Weller,  1270. 

"Cloverly''  formatfon,  Cretaceous,  Wyoming:  Bar- 
nett,  39, 41 ;  Hewett,  534. 

Clybum  formation,  pre-Cambrian?,  Cape  Breton 
Island:  Wright,  1350. 

Coalburg  sandstone.  Carboniferous,  West  Virginia: 
^rebs  and  Teets,  697. 

Cobalt  conglomerate,  pre-Cambrian,  Canada:  Cole- 
man, 262. 

Cobalt  series,  preCambrian,  Ontario:  Burrows  and 
Hopkhis,  164;  Collins,  269. 

Cobalt  series,  pre-Cambrian,  Ontario:  Miller  and 
Knight,  848. 

Cobalt  series,  pre-Cambrian,  Quebec:  Wilson,  1313, 
1314. 

Cobequld  group,  Nova  Scotia:  Bell,  77. 

Cobleskill  dolomite,  Silurian,  New  York:  Hopkins, 
571. 

Cobleskill  limestone,  SUuriai^  New  York:  Hough- 
ton, 577. 

Cobleskill  waterlime,  Silurian,  New  York:  Luther, 
775. 

Coconino   sandstone.    Carboniferous    (Pennsylva- 
nlan),  Arizona:  Hill,  539;  Noble,  880. 

Coffee  sand  member,  Cretaceous,  Gulf  States:  Ste- 
phenson, 1128. 

Coggan  terrane,  Devonian,  Iowa:  Keyes,  661. 

Coldbrook  formation,  Cambrian?,  Quebec:  Hayes, 
623. 
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Coldbrookian  terrane,  Cambrian,  New  Branswlck: 

Matthew,  816. 
Goldwater    formatioxi,    MIssJsslppian,    Michigan: 

Cook,  273. 
Coldwater   groap.    Tertiary,    British    Cohimbia: 

Dnrsdale,  309. 
Coldwater  series,   Tertiary   (Oligooene),   British 

Colambia:  Camsell,  197. 
Coldwater  series,   Oligocene,   Britidi   Colambia: 

Rose,  1016. 
Coldwater  shale,  Mississippian,  Mictiigan:  Smith, 

1108;  Sherxer,  1061. 
Colesborg  terrane,  Silurian,  Iowa:  Keyes,  661. 
CoUingwood  formation,  Ordovician,  Ontario:  Ray- 

mond,  980. 
Coralville  terrane,  Devonian,  Iowa:  K«yes,  661. 
Coloradan  series:  Kqres,661. 
Colorado  formation.  Cretaceous,  Wyoming:  Hew- 

ett,534. 
Colorado  shale,  Cretaceous,  Montana:  Bowen,  103, 

104, 105. 
Colquitz  gneiss,  British  Cohimbia:  dapp,  227. 
Colqnits  gneiss,  Jurassic,  British  Columbia:  dapp, 

223;  Clapp  and  Cooke,  230. 
Columbia  lava,  Miocene,  Oregon:  Collier,  266. 
Colwood  sands  and  gravels,  Pleistocene,  British 

Columbia:  Clapp,  223, 225, 227. 
Comanchan  series:  Keyes,  661. 
Comanche  series.  Cretaceous,  Texas:  Richardscm, 

Wnl. 

Conemaugh  series,  Carboniferous,  West  Virginia: 
Hennen  and  Reger,  527;  Krebe  and  Teets,  607. 

Connellsville  sandstone.  Carboniferous,  West  Vir- 
ginia: Hennen  and  Reger,  627;  Krebs  and  Teets, 
607. 

Connoquenessing  (Lower)  sandstone.  Carboniferous, 
West  Virginia,  Hennen  and  Reger,  527. 

ConnoqueneKing  (Upper)  sandstone,  Carboniferous, 
West  Virginia:  Hennen  and  Regor,  527. 

Cook  Mountain  formation.  Eocene,  Texas:  Deus- 
sen,336. 

Cooper  marl,  Eooene,  South  Carolina:  Rogers,  1013. 

Cooper  marl,  Tertisdryi  South  Carolina:  Stephen- 
son, 1120. 

Copl^  metanindesite,  Devonian  or  older,  Oal^- 
nia:  Ferguson,  416. 

Coppermine  series,  CSanada:  Sandberg,  1027. 

Coralville  limestone,  Devonian,  Iowa:  Keyes,  657. 

Cordova  sands  and  gravels.  Pleistocene,  British 
(Columbia:  dapp,  223, 227. 

C(»iiishville  limestone,  Ordovician,  Kentucky: 
Foerste,  427. 

ComishvUle  member,  Ordovician,  Kentucky:  Mil- 
ler, 843. 

Cornwall  ("  Pequanac'')  shale,  Devonian,  New  Jer- 
sey: Bayl^  et  aZ.,  66. 

Corral  Oeek  formation,  pr»<7ambrian.  Alberta: 
Allan,  5. 

Corral  Creek  formation,  pre-Cambrian,  British  Ck>- 
lumbia:  Allan,  6. 

Corryvllle-Amheim,  Ordovician,  Indiana:  Comings 
and  Galloway,  295. 

Corson  terrane,  pre-Cambrian,  Iowa:  Kqres,  661. 

Cortlandt  series,  New  York:  Fettke,  420. 

Cougar  formation,  Beltian,  British  Columbia:  Daly, 
306. 


Coatchinhing,  pre-Cambrian,  Lake  Superior  region: 
Leith,  732. 

Coutchkhing  series,  pre-C^unbrian,  Ontario:  Law- 
son,  721. 

Contchichingan  series,  pr»Cambrian,  Lake  Supe> 
riorregfon:  K9yes,662. 

Cowaselon  clay,  Quaternary,  New  York:  Smith, 
1094. 

Crab  Ordiard  shales,  Silurian,  Kentucky:  Morse 
and  Foerste,  867. 

Crai^ead  Oeek  shales,  Devonian,  Missouri:  Bran- 
son, 118. 

Cranberry  formation,  Oetaoeous,  British  Columbia: 
dapp,  225. 

Crescent  formation,  Eooene,  Washington:  Lupton, 
774. 

Creston  formation,  pre-Cambrian,  British  Colum- 
bia: Schofield,  1039, 1043. 

Creston  red  shale,  Permo-Carboniferous,  West  Vir- 
ginia: Krebs  and  Teets,  097. 

Crill  chalk,  Ch«taoeous,  Iowa:  Keyes:  665. 

Cirill  terrane,  Cretaceous,  Iowa:  Kciyes,  661. 

Ooixan  series:  Keyes,  661. 

Ooixan  series,  Cambrian,  Lake  Superior  region: 
Keyes,  662. 

Ooton  Falls  homblendite.  New  York:  Fettke, 
420. 

Crowsnest  volcanks.  Cretaceous,  Alberta:  MacKen- 
sie,  792,  794. 

Cumberland  quartxite,  pre-Cambrian,  Rhode  Island 
and  Massachusetts:  Warren  and  Powers,  1256. 

Curdsville  member,  Ordovician,  Kentucky: 
Foerste,  427. 

Cusseta  sand  member.  Upper  Cretaceous,  Georgia: 
Berry,  80. 

Cutler  formation,  PermianT,  Colorado:  Croaa  and 
Larsen,290. 

Cuyahoga  formation,  CSarbonlferous,  Ohio  and  Ken- 
tucky: Morse  and  Foerste,  867. 

Cynthkna  formation,  Ordovician,  Kentucky: 
Foerste,  427;  Miller,  843. 

Cypress  sandstone,  Mississippian,  nilnois:  Blatch- 
ley,  100. 

Cyrene  member,  Sflurian,  Illinois:  Savage,  1031. 

Dakota  formation,  Cretaceous,  Alberta:  Dowling, 
362, 364. 

Dakota  (7)  formation,  Oetaoeous,  Alberta:  Mao- 
Kensie,  792,  794. 

Dakota  formation,  Cretaceous,  New  Mexico:  Win- 
chester, 1324. 

Dakota  sandstone,  Cretaceous,  Minnesota:  Grout 
and  Soper,  602. 

Dakota  sandstone,  Cretaceous,  New  Mexico:  Kirk, 
683. 

Dakota  sandstone,  Cretaceous,  Utah:  Lupton,  773. 

Dakota  sandstone,  (^taceous,  Wyoming:  Bamett, 
40. 

Dakotan  series:  Keyes,  661. 

Dalhousie  formation,  Devonian,  New  Brunswick: 
Clarke,  244. 

Dallas  deposits,  Pleistocene,  Iowa:  TOton,  1171. 

Davis  formation,  Cambrian,  Missouri:  Leo,  727. 

Decatur  limestone,  Silurian,  Tennessee:  Wade, 
1239. 

De  Cew  limestone,  Silurian,  Ontario:  Williams, 
1303. 
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De  Cew  member,  Sflnrian,  New  York:  Sctanchert, 

1054. 
Decker  limestone,  Silariao,  New  Jersey:  Bayley 

et  ol.,  66. 
Deoorah  shule,  OrdoviciBn,  Minnesota:  Oroat  and 

Soper,  fi02. 
Deoorah  terrane,  Ordovician,  Iowa:  Keyes,  6G1. 
Deoota  sandstone,  Carboniferoos,  West  Virginia: 

Krebs  and  Teets,  697. 
|>eCouroy  formation,  Cretaoeoas,  British  Columbia: 

Clapp,  225. 
Dedhion  granite,   Massachusetts:    Loughlin  and 

Hcchlnger,  767. 
Deep  Kill  shale,  Ordovlclan,  New  York:  Gushing 

and  Ruedemann,  296. 
De  Kalb  Umestone,  Pennsylvanian,  Iowa:    Tflton, 

IITO. 
Dekkas  andesite,  Trlassto,  California:  Boyle,  113. 
Delaware  Mountain  formation,  Permian,  Texas: 

Richardson,  999. 
Dennys  formation,  Silurian,  Maine:  Bastin  and 

WUliams,  60. 
Derby  formation,  Cambrian,  Missouri:  Lee,  727. 
Dcs  Moines  series:  Keyes,601. 
Detroit  River  scries,  Devonian,  Michigan:  Cook, 

273. 
Detroit  River*  scries,  Silurian,  Michigan:  Bherier, 

1081;  Smith,  1108. 
Dewey  limestone,  CarboniliBrous,  Oklahoma:  But- 

tram,  178. 
Dewitt  formation,  Tertiary,  Texas:  Deussen,  336. 
Diamond  Jlill  folsite,  Carboniferous,  Rhode  Island 

and  Massachusetts:  Wairen  and  Powers,  1256. 
Diamond  Rock  quartxite,  Cambrian,  New  York: 

Cushing  and  Ruedemann,  296. 
Dighton  conglomerate,   Permian,  Massachusetts: 

Loughlin  and  Hochlngcr,  707.  » 

Dixon  limestone,  Silurian,  Tennessee:  Dnke,  366; 

Wade,  1239. 
Dockum  formation,  Triassic,  Texas:  Case,  208. 
Dodge  terrane.  Tertiary,  Iowa:  Keyes,  661. 
Doerun  formation,  Cambrian,  Missouri:  Lee,  727. 
Dolores  formation,  Triassic,  Colorado:  Cross  and 

Larsen,  290. 
Dor6  series,  pre-Cambrian,   Ontario:    Miller  and 

Knight,  848. 
Dothan  formation,  Jurassic,  Oregon:   Dlller,  352; 

Winchell,  1320. 
Double    Mountain   formation,    Permian,    Texas: 

Case,  208. 
Dovre  moraine,  Pleistocene,  North  Dakota:  Simp- 
son, 1090. 
Dox  sandstone,  Algonkian,  Arisona:  Noble,  880. 
Dresbach  formation.  Upper  Cambrian  (St.  Crolxan), 

Upper  Mississippi  Valley:  Walcott,  1244.        ^ 
Dresbach  sandstone,  Cambrian,  Minnesota:  Grout 

and  Soper,  S02. 
Dresbach  terrane,  Cambrian,  Iowa:  Keyes,  661. 
Dubuque  terrane,  Quaternary,  Iowa:  Keyes,  661. 
Dundee  formation,  Devonlui,  Michigan:  Sherser, 

1081. 
Dundee  limestone,  Devonian,  Michigan:  Cook,  273; 

Smith,  1106. 
Dunkard  series,  Permo-Ourboniferous.  West  Vir- 
ginia: Krebs  and  Toets,  607. 
Dunkta'k  shale,  Devonian,  New  York:  Houghton, 

577. 


Duplin  marl,   Miocene,  South  Carolina:  Rogera, 

1013. 
Eagle  formation.  Cretaceous,   Montana:    Bowen, 

103. 
Eagle  granodiorite,   Jurassic,   British   Columbia: 

Camaell,  197. 
Eagle  limestone.   Carboniferous,   West  Virginia: 

Krebs  and  Teets,  697. 
Eagle  sandstone.  Cretaceous,  Montana:    Bowen, 

104, 105. 
Eastern  Head  formation,  Ordovielan,  Newfound- 
land: Van  Ingen,  1222. 
East  Greenwich  granite  group,   Rhode   Island: 

Loughlin  and  Hechinger,  767. 
East  Lynn  sandstone,  Pennsylvanian,  West  Vir- 
ginia: Krebs  and  Teets,  697. 
Eastport  formation,  Silurian,  Maine:    Bastin  and 

W01iams,6O. 
East  Wellington  sandstone,  Cretaceous,   British 

Columbia:  Clapp,  225. 
Eau    Claire    formation.    Upper    Cambrian    (St. 

Ooixan),Uppcr  Missi^pi  Valley:  Walcott,  1244. 
Eddy  Hill  grit,  Cambrian,  New  York:  Cushing  and 

Ruedemann,  296. 
Eden  formation,  Ordovielan,  Kentucky:  Foeiste, 

427;   Maier,843. 
Eden  group,  Ordovielan,  Indiana:  Cumings  and 

Galloway,  285. 
Edgewood  formation,  Silurian,  Illinois,  Missouri: 

Savage,  1031. 
Edistomarl,  Miocene,  South  Carolina:  Rogers,  1013. 
Edmonton  formation,  Cretaceous,  (Canada:  Brown, 

133. 
Edmonton  series,  Cretaceous,  Alberta:  Dowling, 

362,364. 
Edmunds  formation,  Silurian,  Maine:  Bastin  and 

Williams,  60. 
Elbert  formation,  Devonian?, Colorado:  Cross  and 

Larsen,  290. 
Eldon  formation,  Cambrian,   British  Columbia: 

Allan,  5,  6. 
Elgin  sandstone,  C^boniferoos,  Oklahoma:  But* 

tram,  178. 
Elgin  terrene,  Ordovici«n,  Iowa:  Keyes,  661. 
Elk  fire  clay,  Pennsylvanian,  West  Virginia:  Krebe 

and  Teets,  697. 
Elk  Lick  limestone,  Carboniferous,  West  Virginia: 

Hennen  and  Reger,  527;  Krebs  and  Teets,  697. 
Elkhom  beds,  Ordovielan,  Indiana:  Shideler,  1082. 
Elko  formation,  Ordovlclan  and  Silurian?,  British 

Columbia:  Schofield,  1041. 
Elko  formation,  Silurian,  Ordovielan,  or  Cambrian, 

British  Columbia:  Schofield,  1043. 
Elliott  Cove  formation,  Cambrian,  Newfoundland: 

Van  Ingen,  1222. 
Ellis  formation,  Jurassic,  Montana:  Bowen,  104. 
EllisBay  formation,  Ordovielan,  Anticosti  Island: 

Twenhofel,  1190. 
Elm  Point  limestone,  Devonian,  Manitoba:  Kin- 
dle, 676. 
El  Paso  limestone,  Ordovielan,  Texas:  Richard- 
son, 999. 
Elysian  moraine.  Pleistocene,  North  Dakota:  Simp- 
son, 1090. 
Eminence  formation,  Cambrian,  Missouri:  Lee,  727. 
English  Head  fOTmation,  Ordovlclan,  Anticosti 

Island:  Twenhofel,  1190. 
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Eparchiean  fnt&rvaX,  pre-Cambrian,  Lake  Superior 

regton:  Ldth,  732. 
Epicene  series:  Keyes,  661. 
Erian  series:  Keyes,  66L 
Esmeralda  formation^  Tertiary,  Nevada:  Buwalda, 

183. 
Essex  limestone,  Silurian,  Illinois:  Savage,  1031. 
Etchegoin  group.  Neocene,  California:  Anderson 

and  Martin,  18. 
Etcheminian,  Cambrian,  Quebec:  Hayes,  523. 
Etcbemlnian  terrene,  Cambrian,  New  Brunswick: 

Matthew,  816. 
Etheline  volcanics,  Tertiary,  British  Columbia: 

MacKenzie,  793. 
Eutaw  formation,  Cretaceous,  Oulf  States:  Stephen' 

son,  1128. 
Eutaw  formation.  Cretaceous,  Tennessee:  Drake, 

366. 
Eutaw    formation.    Upper    Cretaceous,    Georgia: 

Berry,  80. 
Evanston    formation,    Cretaceous    or    Tertiary, 

Wyoming:  Schults,  1068. 
Ewing  limestone,  Carboniferous,  West  Virginia: 

Hennen  and  Reger,  527;  Krebs  and  Teets,  697. 
Extension  formation.  Cretaceous,  British  Colum- 
bia: Clapp,  225. 
Fairview  formation,  Cambrian,  British  Columbia: 

Allan,  5, 6. 
Famham  fortnation,  Ordovlcian,  Quebec:  Dresser, 

367. 
Faulconer     limestone,     Ordovlcian,     Kentucky: 

Foerste,  427. 
Faulconer  member,  Ordovidan,  Kentucky:  Miller, 

843. 
Fayette  terrane,  Devonian,  Iowa:  Keyes,  661. 
Fayettevllle  formation,  Mississippian,  Oklahoma: 

Smith,  1098. 
Fayettevllle     shale,     Mississippian,     Oklahoma: 

Snider,  1114. 
Fergus  Falls  moraine.  Pleistocene,  North  Dakota: 

Simpson,  1090. 
Fernando  formation,  Miocene-Pliocene,  California: 

Arnold  and  Garfias,  21. 
Fern  Glen  formation,  Mississippian,  Mississippi 

VaUey:  WeUer,  1270. 
Femle  formation,  Jurassic,  Alberta:  MacKenzie, 

792,794. 
Femie  shale)  Jurassic,  Alberta:  AUan,  6. 
Femie  shales,  Jurassic,  Alberta:  Dowling,  362,  364. 
Femvale  formation,  Ordovlcian,  Tennessee:  Drake, 

366;  Wade,  1239. 
Ferron    sandstone    member.    Cretaceous,    Utah: 

Lupton,  773. 
Fiddler's  Green  limestone,  Silurian,  New  York: 

Hopkins,  571. 
Flanagan  formation,  Ordovlcian,  Kentucky:  Miller, 

843. 
Flat  Rock  dolomite,  Silurian,  Michigan:  Sherser, 

1061. 
Flat  Rock  dolomite,  Silurian,  Ontario:  Staoffer, 

1123. 
Fleming  clay,  Miocene,  Texas:  Deussen,  336. 
Forbes  terrane.  Carboniferous,  Iowa:  Keyes,  661. 
Fordham  gneiss,  pre-Cambrian,  New  York:  Berkey 

and  Healey,  79;  Fettke,  420;  Fuller,  441. 
ForeUe(7)    limestone.    Carboniferous,    Wyoming: 

Bamett,  41. 


Fort  Payne  chert,  Mi^isslppian,  Tennessee:  Drake, 

366;  Wade,  1239. 
Fort  Scott  limestone,  Pennsylvenian,  Oklahoma: 

Smith,  1098. 
Fort  Union  formation,  Saskatchewan:  Rose,  1017. 
Fort  Union  formatton.  Eocene,  North  Dakota: 

Leonard,  737. 
Fort  Union  formation.  Eocene,  W3^ming:  Hewett, 

534. 
Fort  Union  formation.  Tertiary,  Montana:  Bauer, 

64;  Bowen,  105. 
Fort  Union  formation.  Tertiary,  North  Dakota: 

Lloyd,  758. 
Fort  Union  formation,  Tertiary,  South  and  North 

Dakota:  Calvert  et  al.,  193. 
Fort  Union  formation.  Tertiary,  Wyoming:  Bar- 

nett,  41. 
Fox    Hills   formation,    Oretaoeous:    Brown,    133; 

Knowlton,  692. 
Fox  HUls  formation.  Cretaceous,  Wyoming:  Bar- 

nett,  39.  ^ 

Fox  HUls  sandstone.  Cretaceous:  Stanton,  1122. 
Fox  HUls  sandstone.  Cretaceous,  North  Dakota: 

Leonard,  737;  Lloyd,  758. 
Fox  Hills  sandstone,  Cretaceous,  South  Dakota: 

Calvert  etal.,  193.  , 

Fox  HUls  sandstone,  Cretaceous,  Wyoming:  Bai^ 

nett,  40. 
Fox   Hills(T)   sandstone,   Cretaceous,   Wyoming: 

Bamett,  41. 
Franciscan,  Jurassic,  California:  Dickerson,  340. 
Franciscan  formation,  Jurassic?,  California:  Pack 

and  English,  903. 
Franciscan  group,  Jurassic?,  California:  Lawson, 

724. 
Franconia     formation.     Upper     Cambrian     (St. 

Croixan),  Upper  Mississippi  VaUey:  Walcott, 

1244. 
Franconia  sandstone,  Cambrian,  Minnesota:  Grout 

and  Soper,  502. 
Franey  granite,  Cape  Breton  Island:  Wright,  1350. 
Franklin  limestone,  pre-Cambrlan,  New  Jersey: 

Bayley  et  a/.,  66. 
Fredericksburg  group.  Cretaceous,  Texas:  Richard- 
son, 999. 
Freeport  (Lower)  limestone.  Carboniferous,  West 

Vh-ginia:  Hennen  and  Reger,  527. 
Freeport  (Lower)  sandstone.  Carboniferous,  West 

Virginia:  Hennen  and  Reger,  527. 
Freeport  (Upper)  limestone,  Carboniferous,  West 

Virginia:  Hennen  and  Reger,  527;  Krebs  and 

Teets,  697. 
Freeport  (Upper)  sandstone,  Carboniferous,  West 

Virginia:  Hennen  and  Reger,  527;  Krebs  and 

Teets,  697. 
Friar's  Hill  gravels  and  marls,  Pleistocene,  Antigua: 

Brown,  130. 
Frontier  formation,  Cretaceous,  Wyoming:  Schultz, 

1058. 
Fulton  shale,  Ordo\'ician,  Kentucky:  Foersto,  427. 
Fuson  shale,  Cretaceous,  Wyoming:  Bamett,  40. 
Gabrlola  formation,  Cretaceous,  British  Columbia: 

Clapp,  225. 
Galena  dolomite,  Ordovlcian,  Illinois:  Cox,  278. 
Galena  formation,  Ordovlcian,  Illinois:  Cady,  185. 
Galena  limestone,  Ordovlcian,  Minnesota:  Grout 

and  Soper,  502. 
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Oalena  tarruie,  OrdoTieian,  Iowa:  Keyes,  661. 

Oalesborg    shale,    PennsylvanJaxi,  Iowa:   Tilton, 

1070. 
Oalloe  farmation,   Jurassic,   Oregon:  Diller,   352; 

Winchell,  1320. 
Oalton  series,  pr»-Cambrian,  British  Colombia: 

Burling,  157;  Schofleld,  1043. 
Gamachian  scries,  Ordorlcian,  AntJooBtl  Island: 

Twenhofel,  1100. 
Oardeau  flags  and  shales,  Devonian,  New  York: 

Luther,  775. 
Oardeau  shale,  Devonian,  New  York:  Houghton, 

577. 
Oardiners  clay.  Quaternary,  New  York:  Fuller, 

441. 
Oarrard  sandstone,  Ordovieian,  Kentucky:  Miller, 

843. 
Oasconade  formation,  Cambrian,   ICissoarl:  Lee, 

727. 
Oasport  limestone,   SUoxian,   Ontario:  Williams, 

1303. 
Gasport  member,  Silurian,  New  York:  Schuchert, 

1054. 
Gateway  formation,  pr»<^ambrian,  British  Colum- 
bia: Schofleld,  1040, 1048. 
Gatun  formation.  Tertiary,  Costa  Rica:  M aoDonald, 

788. 
Gavllan  limestone,  pre-Franciacan  (Mesocoic),  Cali- 

fomia:  Lawson,  724. 
Gebo  formation.  Cretaceous,  Wyoming:  Hewett, 

534. 
Genesee  beds,  Devonian,  New  York:  Houghton, 

577. 
Genesee  black  shale,  Devonian,  New  York:  Luther, 

775. 
Genundewa    limestone,    Devonian,    New    York: 

Houghton,  577;  Luther,  775. 
Georgian  series:  Keyes,  661. 
Gilboy  sandstone,  Fennsylvanian,  West  Virginia: 

Krebs  and  Teets,  607. 
Giles  formation,  Devonian,  Virginia:  Stose,  1152. 
Glacier  division,  Beltian,  British  Columbia:  Daly, 

306. 
GladeviUe   sandstone,    Fennsylvanian,    Virginia: 

Butts,  179, 180. 
Glen  Park  limestone,  Misslssipplan,   Mississippi 

VaUey:  Weller,  127d. 
Glens   Falls  formation,  Ordovician,   New   York: 

Raymond,  980. 
Glens  Falls  limestone,   Ordovician,  New  York: 

Cushing  and  Ruedemann,  296. 
Glenwood  terrane,  Ordovician,  Iowa:  Keyes,  661. 
GoldenviDe  formation,  pre-Cambrian,  Nova  Scotia: 

Faribault,  405. 
Goodsir  formation ,  Ordovician,  British  Columbia: 

Allan,  6. 
Goodsir    shale,    Ordovician,    British    Columbia: 

Allan,  5. 
Gower  limestone,  Silurian,  Iowa:  Savage,  1031. 
Goweran  scries:  Keyes,  661. 
Grafton  sandstone.  Carboniferous,  West  Virginia: 

Hennen  and  Reger,  527;  Krebs  and  Teets,  697. 
Grainger  shale,  Mississippian,  Virginia:  Butts,  179. 
Grand  Canyon  series,  Algonkian,  Arizona:  Noble, 

880. 
Grand  Rapids  (Lower),  Mlssiss^pian,  Michigan: 

Cook,  273. 


Grand  Rapids  (Lower)  formation,  Mississippian, 

Michigan:  Smith,  1108. 
Grand  Rapids  (Upper)  formation,  Mississippian, 

Mfchigan:  Smith,  1108. 
Grandfleld  conglomerate.  Tertiary  or  Quaternary, 

Oklahoma:  Munn,  809. 
Graneroe  shale,  Cretaceous,  Wyoming:  Bamett,  40. 
Grants  Mills  granite,  Devonian,  Rhode  Island  and 

Massachusetts:  Warren  and  Powers,  1256. 
Grassy  shale,  Carboniferous,  Iowa:  Keyes,  661. 
Gras&y  terrane.  Carboniferous,  Iowa:  Keyes,  661. 
Gravel  Head  formation,  Ordovician,  Newfound- 
land: Van  Ingen,  1222. 
Gray  Bull  beds,  Tertiary,  WyonUng:  Granger,  48& 
Greenbrier    limestone,    Carboniferous,    Virginia: 

Stose, 1152. 
Greenbrier  limestone.  Carboniferous,  West   Vir- 
ginia: Hennen  and  Reger,  527. 
Greendale  member,  Ordovician,  Kentucky:  Foente 

427. 
Greenfield  dolomite,  Silurian,  Michigan:  SherMr, 

1081. 
Greenfield  dolomite,  Sflurian,  Ontario:  Stanfler, 

1123. 
Greenhorn  formation.  Cretaceous,  Wyoming:  Bar- 

nett,  40. 
Green  Pond  conglomerate,  Silurian,  New  Jeney: 

Bayley  et  al,  66. 
Green  River  formation.  Eocene, Wyoming:  Schulti, 

1058. 
Green  River  formation.  Tertiary,  Colorado  and 

Utah:  WoodrufT  and  Day,  1333. 
Grenvllle  limestone,  pre<?ambrian,  Quebec:  Wil- 
son, 1315. 
Grenvllle  series,  pr&<^ambrian,  Canada:  Coleman, 

362. 
Grenvllle  series,  pre-Cambrian,  New  York:  CushJog 

and  Ruedemann,  296;  Miller,  850. 
Grenvllle  series,  pre^'ambrian,  Ontario:  Coleman, 

264;  Miller  and  Knight.  848. 
Grenvllle  series,  pre-Cambrian,  Quebec:  Wilson, 

1314. 
Grimsby    meml)er,    Silurian,    Ontario:  Williams, 

1303. 
Guelph    formation,    Silurian,    Ontario:  Williams, 

1303. 
Gun/lint  formation,  Algonkian,  Minnesota:  Grout 

and  Soper,  502. 
Gun  River  formation,  Silurian,  Anticosti:  Schu- 

chert,  1054;  Twenhofel,  1190. 
Gwinn  series,  pre-C^mbrian,  Michigan:  Allen,  14; 

Allen  and  Barrett,  15. 
Haida  formation.  Cretaceous,  British  Columbia: 

MacKenzie,  793. 
Haida  member,  Jurassic,  British  Coltmibia:  Clapp, 

227. 
Haines  granite,  post-Triassic,  Oregon:  Grant  and 

Cady,487. 
Hakatai  shale,  Algonkian,  Arizona:  Noble,  880. 
Halifax  formation,  pre-Cambrian,  Nova  Scotia: 

Faribault,  405. 
Hambre  sandstone,  Miocene,  California:  Lawson, 

724. 
Hamburg  oolite,  Mississippian,  Mississippi  Valley: 

Weller,  1270. 
Hamilton  formation,  Devonian,  Ontario:  Williams, 

1302. 
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namllton  limestone,  Devonian,  DUnois:  Cady,  185; 
Ekblaw,  385. 

Hancock   limestooe,    Devonian,    Virginia:  Btose, 
1152. 

Hanford  formation,  Cambrian,  Newfoundland:  Van 
Ineen,  1222. 

Hannibal  sandstone,  Mississippian,  Mississippi  Val- 
ley: Weller,  1270. 

Hannibal  terrace,  Carboniferous,  Iowa:  Keyes,  661. 

Hanover  shale,  Devcmian,  New  Ywk:  HousbtoD, 
677. 

Harbor  Hill  moraine.  Quaternary,   New  York: 
Fuller,  441. 

Hardin  sandstone,   Devonian,  Tennessee:  Wade, 
12?9. 

Hardin  sandstone  member,  Devonian,  Tennessee: 
Drake,  366. 

Hardman  fire  clay,  Carboniferous,  West  Virginia: 
Hennen  and  Reger,  527. 

IIardyst<xi  quartzite,  Cambrian,  New  Jersey:  Bay- 
ley  et  4/.,  66. 

Harlan  sandstone,  Pennsylvanian,  Virginia:  Bntt«. 
179,  180. 

Harmon,  Ordovician,  Indiana:  Cumings  and  Gallo- 
way, 296. 

Harmon  Hill  gneiss,  pre-Cambrian,  Vermont:  Gor- 
don, 476. 

Harrison  granodiorite  gneiss.  New  York:    Fettke, 
420. 

Hartshome  formation,  Pennsylvanian,  Arkansas 
and  Oklahoma:  Smith,  1007. 

Hartshome  sandst<Hie,  Pennsylvania,  Oklahoma; 
Snider,  1113. 

Hartwick  terrane,  Silurian,  Iowa:  Keyes,  661. 

Haslam  formation,  Cretaceous,  British  Columbia: 
Clapp,  225. 

Hastings  series,  pre-Cambrian,  Ontario:  Miller  and 
Knight,  848. 

Hatch  shales  and  flags,  Devonkui,  New  York:  Lu- 
ther, 775. 

Hawarden  shales.  Cretaceous,  Iowa:  Keyes,  656. 

Hawarden  terrane,  Cretaceous,  Iowa:  Keyes,  661. 

Hawthorn  formaticm,  Tertiary,  Florida:  Vaughan 
and  Cooke,  1235. 

Hazelton  group,  Jurassic,  British  Columbia:    Mo- 
Connell,  781;  Malloch,  802. 

Hector  formation,  pre-Cambrian,  British  Columbia: 
Allan,  6. 

Hector  formation,  pre-Cambrian,  Alberta:  Allan,  5. 

Helderbergian  limestone,  Devonian,  New  York: 
Hopkins,  671. 

Hell  Creek  formation.  Cretaceous:  Brown,  133. 

Hempstead  gravel,  Quaternary,  New  York:  Fuller, 
441. 

Henrietta    formation,    C-arlxmiferous,    Missouri: 
Greene,  494. 

Hmrietta  terrane,  Carboniferous,  Iowa:  Keyes,  661. 

Hercules  shale  member,  Miocene,  California:  Law- 
son,  724. 

Hermansville   limestone,    Ordovician,    Michigan: 
Smith,  1108. 

Hermitage    formation,     Ordovician,    Tennessee: 
Drake,  366. 

Hermosa    formation,    Pennsylvanian,    Colorado: 
Cross  and  LArsen,  290. 

Herod  gravel  member.  Quaternary,  New  York: 
Fuller,  441. 


Hersey  red  shale  membtf,  Silurian,  Maine:  Bastin, 

and  Williams,  60. 
Hertha  limestone,  Pennsylvanian,  Iowa:    Tilton, 

1070. 
High  Falls  shale.  New  York:  Brown,  140. 
Hilliard  formation,  Cretaceous,  Wyoming:  Schulti, 

1058. 
Hinckly  terrane,  Cambrian,  Iowa:  Keyes,  661. 
Hoboken  serpentine,  pre-Cambrian,  New  York: 

Berkey  and  Healey,  79. 
Hodge's  Hill  calcareous  sandstone,  Oligocene,  An- 
tigua: Brown,  130. 
Homewood  sandstone,  Carlxmiferous,  West  Vir- 
ginia: Hennen  and  Reger,  527;  Kreljs  and  Teets, 

697. 
Honaker  limestone,  Cambrian,  Virginia:     Stose, 

1152. 
Honna  formation.  Cretaceous,  British  Columbia: 

MacKenzie,  793. 
Honna  member,  Jurassic,  British  Columbia:  Clapp, 

227. 
HopUnton  dolomite,  Silurian,  Iowa:  Savage,  1031. 
Horsethief  sandstone.  Cretaceous,  Montana :    Steb- 

inger,  1125, 1126. 
Horsetown  group.  Cretaceous,  Oregon:    Winchell, 

1320. 
Hotautaconglomerate,Algonkian,  Arisona:  Noble, 

880. 
Hoyt  limestone  member,  Cambrian,  New  York: 

Cushing  and  Ruedemann,  296. 
Hudson  River  shites.  New  York:  Fettke,  420. 
Hueco  limestone,  Pennsylvanian,  Texas:  Richard- 

son,  vwi. 
Hull  formation,  Ordovician,  Ontario:    Raymond, 

980. 
Hull  terrane,  pre^lSambrian,  Iowa:  Keyes,  661. 
Hundred  sandstone,  Permo-Carboniferous,  West 

Virginia:  Krebs  and  Teets,  097. 
Hunnian,  pre-Cambrian,  Canada:  Coleman,  282. 
Huronian,  pre-Cambrian,   Ontario:      Miller  and 

Knight,  848. 
Huronian  conglomerate,  pre-Cambrian,  Ontarfo: 

Coleman,  264. 
Huronian  series,  Algonkian,  Minnesota:  Grout  and 

Soper,  502. 
Huronian  (Lower)  series,  pre-Cambrian,  Ontarfo: 

Collins,  270. 
Huronian  (Upper)  series,  pre-Cambrian,  Ontarfo: 

Collins,  270. 
Huronic  period,  pre-Cambrian,  Lake  Superior  re- 

gion:  Keyes,  662. 
Hygiene  sandstone  member.  Cretaceous:  Stanton, 

1122. 
lUeciUewaet  qnartxite,  Beltian,  British  Columbia: 

Daly,  306. 
lUinoian  stage,  Pleistocene,  Iowa:  Hay,  522. 
Ilo  formation.  Cretaceous  or  Tertiary,  Wyoming: 

Ilewett,  534. 
Image  meml^er,  Jurassic,  British  C<»lumbia:  Clapp, 

227. 
Independence  terrane,  Devonian,  Iowa:  Keyes,  661 . 
Indian  Ladder  beds,  Ordovfoian,  New  York:  Cush- 
ing and  Ruedemann,  296. 
Ingleside  chert,  JurassicT,  California:  Lawson,  724. 
Ingonish  gneiss,  pr»<?ambrian7.  Cape  Breton  Isl- 
and: Wright,  1350. 
Intermediate  limestone,  Devonian,  Alberta:  Allan,6. 
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Inwood  limestooA,  New  York:  Fettke,420. 
Inwood  Jimcwtone,  preCambrian,  New  Yoik:  Ber- 

key  and  Healey,  79. 
lone  beds.  Eocene,  CallfomJa  and  Oregon:  Arnold 

and  Hannibal,  22. 
lone  formation,  Eocene,  California:  Dickenon,  346; 

Waring,  1254. 
Iowa  stage,  Pleistocene,  Iowa:  Hay,  522. 
Iowa  terrane,  Pleistocene,  Iowa:  Keyes,  661. 
Irasburg    oonglomwate,    Ordovfeian,    Vermont: 
'   Richardson  and  Tomer,  906;  Richardson  et  aJ.„ 

997. 
Irondeqnoit  limestone,  Silurian,  New  York:  Schu- 

chert,  1054. 
Irondequoit  member,  Silurian,  Ontario:  Williams, 

1303. 
Itasca  moraine,  Pleistocene,  North  Dakota:  Simp- 
son, 1000. 
Jackson  formation,  Eocene,  Tescas:  Deusaen,  336. 
Jacksonbm-g  limestone,  Ordovician,  New  Jersey: 

Bayleye<aZ.,66. 
Jacob  sand,  Quaternary,  New  York:  Fuller,  441. 
Jaoobsville  sandstone,  Cambrian,  Michigan:  Smith, 

llOS. 
Jameoo  gravel,  Quaternary,  New  York:  Fuller,  441. 
James  River  fonnatfon,  Ordovician,  Nova  Scotia. 

Williams,  1300. 
Jasper  terrane,  pre^^^ambrian,  Iowa:  Keyes,  661. 
Jefferscm  limestone,  Devonian,  British  Columbia: 

Schofield,  1041, 1043. 
Jefferson  City  formation,  Cambrian,  Missouri:  Lee, 

727. 
Jeneyan  drift,  Pleistocene,  New  Jersey:  Bayley 

«taZ.,66. 
Joss  Rock  granite,  Devonian,  Rhode  Island  and 

liassachusetts:  Warren  and  Powers,  1266. 
Ji^gins  formatfon,  Pennsylvanian,  Nova  Scotia: 

BeU,77. 
Johannian  division,  Cambrian,  New  Brunswick: 

Matthew,  816. 
John  Day  fonnatfon,  Oligooene,  Oregon:  Collier, 

266. 
Johnstown  cement  limestone,  Carboniferous,  West 

Virginia:  Hennen  and  Reger,  627. 
Jordan  formation.  Upper  Cambrian  (St.  Croixan), 

Upper  Mississippi  Valley:  Walcott,  1244. 
Jordan  sandstone,   Cambrian,   Minnesota:  Grout 

and  Soper,  502. 
Jordan  terrane,  Cambrian,  Iowa:  Keyes,  661. 
Judith   River   formation.   Cretaceous,   Montana: 

Bowen,  103, 104, 105. 
JudlUi   River   formation.   Cretaceous,   Montana: 

Stebinger,  1125, 1126. 
Jupiter  River  formation,  Silurian,  Antioosti  Island: 

Twenhoid,  1190. 
Kaibab  limestone,  Carboniferous  (Pennsylvanian), 

Aritona:  Hill,  530;  Noble,  880. 
Kaibab  limestone,  Pennsylvanian,  Arizona:  Greg- 
ory, 497. 
Kamloops  series.  Tertiary,  British  Columbia:  Rose, 

1016. 
Kamloops  volcanic  group.  Tertiary,  British  Colum- 
bia: Drysdale,  360. 
Kanawha  blackflint.  Carboniferous,  West  Virginia: 

Krebs  and  Teets,  697. 
Kanawha  series,  Pennsylvanian,  West  Virginia: 

Krebs  and  Teets,  607. 


Kanouse  sandstone,  Devonian,  New  Jersey:  Bay- 
ley  e<  a/.,  66. 

Kansan  drift.  Pleistocene,  Iowa:  Tilton,  1171. 

Kansan  stage.  Pleistocene,  Iowa:  Hay,  522. 

Kansas  City  formation.  Carboniferous,  Missouri: 
Greene, '^4. 

Katalla  formation,  Tertiary,  Alaska:  Fisher  and 
Calvert,  422. 

Keewatin,  pr^Cambrian,  Canada:  Coleman,  262. 

Keewatin,  preOunbrian,  Ontarfo:  Burrows  and 
Hopkins,  164;  Coleman,  264;  CoIIfais,  269. 

Keewatin  complex,  pre-Oambrian,  Ontarfo:  Miller 
and  Knight,  848. 

Keewatin  series,  preX'ambrian,  Lake  Superfor 
region:  Keyes,  662. 

Keewatin  series,  pre-Cambrian,  Ontarfo:  Lawaon, 
721. 

Kelly  Island  formation,  Ordovician,  Newfound- 
land: Van  Ingen,  1222. 

Keokuk  limestone,  Mississippian,  Mississippi  Val- 
ley: Weller,  1270. 

Keokuk  terrane,  Carboniferous,  Iowa:  Keyes,  661. 

Keewenawan  series:  Keyes,  661. 

Keewenawan  series,  pre-Cambrian,  Lake  Superfoj 
region:  Keyes,  662. 

Keweenawan,  pre-Cambrian,  Canada:  Coleman, 
262. 

Keweenawan,  pre-Cambrian,  Ontarfo:  Coleman, 
264;  Collins,  209;  Lawson,  721;  Miller  and  Knight, 
848. 

Killamey  granite,  pre-Cambrian,  Ontarfo:  Millor 
and  Knight,  848. 

Kimberling  shale,  Devonian,  Virginia:  Stose,  1152. 

Kimmswfok-Plattin  limestone,  Ordovician,  Illi- 
nois: Blatchley,  100. 

Kinderhook  group,  Mississippian,  Illinois:  Blatch- 
ley, 100. 

Kinderhook  group,  Mississippian,  Mississippi  Val- 
ley: Weller,  1270. 

Kingston  formation,  pre-Silurian,  Quebec:  Hayes, 
523. 

Kingston  series,  Permian,  Massachusetts:  Loughlin 
and  Hechingw,  767. 

Kitanning  (Lower)  fire  clay.  Carboniferous,  West 
Virginia:  Hennen  and  Reger,  527. 

Kitchener  formation,  pre-Cambrian,  British  Colum- 
bia: Schofield,  1043. 

Kitsalas  formatfon,  TriassicT,  British  Columbia; 
MoConneI],781. 

Kittatinny  limestone,  Cambrian  and  Ordovician, 
New  Jersey:  Bayley  ft  ol.,  66. 

Knight  formation,  Eocene,  Wyoming:  Schulti, 
1058. 

Knight  formation.  Tertiary,  Wyoming:  Granger, 
485. 

Knob  Hill  group,  pre-CarbonifttY)us,  British  Colum- 
bia: LeRoy,  738. 

Knox  dolomite,  Cambrian  and  Ordovician,  Vir- 
ginia: Stose,  11^. 

KnozvUle  formatian,  C!retaceous,  California:  Ar- 
nold and  Garfias,  21;  Lawsou,  724. 

Knoydart  formation,  Devonian,  Nova  Scotia:  Wil- 
Uams,  1300. 

Koipato  formatian,  Triassic,  Nevada:  Schradtf, 
1048. 

Kootenai(7)  formatian.  Cretaceous?,  Montana: 
Bowen,  104. 
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Kootcnay,  Cretaceous,  Alberta:  AQan,  5;  DqwUng, 

364. 
Kootoiay  fonnatloo,  Cretaoeoos,  Alberta:  I>awUiig 

362;  MacKeozie,  792,  794. 
KooUnay   granite,   British   Colombia:  Schofield, 

1040. 
-Kootenay  intnislTe:  SchoAeld,  1030. 
Ktishtaka  fonnation.  Tertiary,  Alaska:  Fisher  and 

Calvert,  422. 
Ladore  shale,  Peonsylvanian,  Iowa:  Tilton,  1070. 
LafayetteT  formaticn.  Tertiary,  New  York:  Fuller, 

441. 
Lake  Evans  series,  pre-Cambrian,  Quebec:  Cooke, 

275. 
Lake  Louise  formation,  Cambrian,  British  Colum- 
bia: Allan,  5,  6. 
Lake  Superior  sandstone,  Cambrian,   ICichigan: 

Smith,  1108. 
Lakota  sandstone,  Crstaoeoos,  Wyoming:  Bamett, 

40. 
Lamotte  formation,  Cambrian,  lOssonri:  Lee,  727. 
Lance  formaticn.  Cretaceous:  Stanton,  1122. 
Lance  formation,  Cretaceous  or  Eocene,  North 

Dakota:  Leonard,  737. 
Lance  formation,  Cretaceous  or  Tertiary,  South  and 

North  Dakota:  Calvert  et  al.,  193. 
Lanoe  formation,  Cretaceous  or  Tertiary,  Wyom' 

ing:  Bamett,  41. 
Lance  formation,  Tertiary:  Knowlton,  002. 
Lance  formation,  Tertiary?,  Montana:  Bauer,  64; 

Bowen,  103;  Rogers,  1012. 
Lance  formation,  TertiaryT,  North  Dakota:  Lloyd, 

758. 
LanoeformatioQ,  TertiaryT,  Wyoming:  Bamett,  30. 
Lance  Cove  formation,  Ordovician,  Newfoundland: 

Van  Ingen,  1222. 
Laona  sandstone,  Devonian,  New  York:  Houghton 

577. 
La  Plata  sandstone,  Jurassic,  Colorado:  Cross  and 

LanMD,  290. 
La  Plata  sandstone,  Jurassic,  Utah:  Lupton,  773. 
Laramie  formation,  Cretaceous:  Knowlton,  602. 
Largo  beds,  Tertiary,  Wyoming:  Granger,  485. 
Laurel  limestone,  Silurian,  Tennessee:  Drake,  366; 

Wade,  1239. 
Laurencic  period,  pre-Cambrian,  Lake  Superior  re- 
gion: Keyes,  662. 
Lauren tian,  pre-Cambrian,  Ontario:  Coleman,  264; 

Lawson,  721;  Miller  and  Knight,  848. 
Laurentian,  pre-Cambrian,  Quebec;  Wilson,  1314. 
Laurie  formation,  Beltian,  British  Columbia:  Daly, 

306. 
Lawrence  terrane,  Carboniferous,  Iowa:  Keyes,  661. 
Lead  Creek  limestone,  Carboniferous,  Kentucky: 

Crider,  281. 
Leaf  Hills  moraine.  Pleistocene,  North  Dakota: 

Simpson,  1090. 
LeClaire  terrene,  Silurian,  Iowa:  Keyes,  661. 
Lee  formation,  Pennsylvanian,  Kentucky:  Munn, 

869. 
Lee  formation,    Pennsylvanian,   Virginia:  Butts, 

179,  IHO. 
Leech   River  formation.   Carboniferous?,   British 

Coltunbia:  Clapp,  227;  Clapp  and  Cooke,  230. 
Lego  limestone,  Silurian,  Tennessee:  Drake,  366; 

Wade,  1239. 


Leightcn  gray  shale  member,  Silurian,  Maine:  Bae- 
Un  and  Williams,  60. 

LeipArs  limestone,  Ordovidan,  Tennessee:  Drake, 
366;  Wade,  1239. 

Leona  rhyolite.  Pliocene,  California:  Lawson,  724. 

Leray  limestone,  Ordovician,  Quebec  and  Ontario: 
Raymond,  980. 

Lexington  limestone,  Ordovician,  Kentucky: 
Foerste,  427. 

Liberty,  Ordovician,  Indiana:  Cumings  and  Gallo- 
way, 295. 

Liberty  beds,  Ordovician,  Indiana:  Sflideler,  1082. 

Lime  Creek  terrane,  Devonian,  Iowa:  Keyes,  661. 

Linden  formation,  Devonian,  Tennessee:  Drake, 
366;  Wade,  1230. 

Linietta  clays.  Carboniferous,  Kentucky:  Mone 
and  Foerste,  867. 

Lipalian  time,  pre-Cambrian,  British  Columbia: 
Walcott,  1246. 

L'Islet  formation,  Cambrian,  Quebec:  Dresser,  367. 

Lissie  gravel,  Pleistocene,  Texas:  Deussen,  336. 

Listmore  formation.  Carboniferous,  Nova  Scotia: 
WUliams,  1300. 

Little  Bell  Island  formation,  Ordovician,  New- 
foundland: Van  Ingvi,  1222. 

Little  Falls  dolomite,  Cambrian,  New  York:  Cush- 
ing  and  Ruedemann,  296. 

Little  River  formation,  Quebec:  Hayes,  523. 

Livingston  formation.  Cretaceous:  Stanton,  1122. 

Lloyd  sand.  Cretaceous,  New  York:  Fuller,  441. 

Lobelville  limestone,  Silurian,  Tennessee:  Drake, 

Lockatong  formatian,  Triassic,  New  Jersey:  Bay- 
ley  et  al.f  66. 

Lockatong  formation,  Triassic,  Pennsylvania  and 
New  Jersey:  Hawkins,  520. 

Lockport  dolomite,  Silurian,  New  York:  Schuchert, 
1054. 

Lockport  dolomite,  Sihurian,  Ontario:  Williams, 
1301. 

Lockport  limestone,  Silurian,  New  York:  Hopkins, 
571. 

Lockp<Mt  member,  Silurian,  Ontario:  Williams, 
1303. 

Logan  formation.  Carboniferous,  Ohio  and  Ken- 
tucky: Morse  and  Foerste,  867. 

Ixiganian,  pre-Cambrian,  Ontario:  Miller  and 
Knight,  848. 

Longwood  shale,  Silurian,  New  Jersey:  Bayley  el 
al.f  66. 

Lorrain  granite,  prcnCambrian,  Ontario:  Miller  and 
Knight,  848. 

Lorraine  or  Majrsvllle,  Ordovician,  Michigan: 
Smith,  lia'i. 

Lorraine  formations,  Ordovician,  Quebec  and  New 
York:  roerste,  42S. 

Lospc  gneiss,  pre-Cambrlan,  New  Jersey:  Bayley  el 
ai.,  66. 

Lost  Cabin  formation,  Tertiary,  Wyoming:  Granger, 
485. 

Louisiana  limestone,  MLssl&sippian,  Mississippi  Val- 
ley: Welter,  1270. 

TxHiisiana  limestone,  MLssissippian,  Missouri:  I>ee, 
727. 

Louisiana  terronc,  Carl>oniferous,  Iowa:  Keyes, 661. 

Lowerre  quartiite,  New  York:  Fettke,  420. 
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Lowvllte  limestone,  Ordovidan,  Qaebeo  and  On- 
tario: Raymond,  980. 

Lucas  dolomite,  Sllorian,  Michigan:  Bberier,  1081. 

Lucas  dolomite,  SOurian,  Ontario:  Stauffer,  1123. 

Lucas  lixpestone,  Devonian,  Iowa:  Keyes,  657. 

Lucas  terrane,  Devonian,  Iowa:  Keyes,  661. 

Ludlow  lignitic  member.  Tertiary:  Knowlton,  603. 

LudlowYiIle  sbale,  Devonian,  New  Yorlc:  Hough- 
ton, 577;  Luther,  775. 

Lynn  voicanics,  Devonian  or  Mlasissippian,  Massa- 
chusetts: Clapp,  222. 

Lynnfield  serpentine,  CamhrlanT,  Massachusetts: 
Clapp,  222. 

Lysite  formation,  Tertiary,  Wyoming:  Granger, 
485. 

McAdam  formation,  Silurian,  Nova  Sootia:  Wil- 
liams, 1300. 

McAlester  shale,  Pennsylvania,  Arkansas  and  Okla- 
homa: Smith,  1097. 

McAlester  shale,  Pennsylvania,  Oklahoma:  Snider, 
1113. 

McAras  Brook  formation,  Carboniferous,  Nova 
Scotia:  Wflliams,  1300. 

McCloud  formatian,  Pennsylvanlan,  Califomia: 
Boyle,  113. 

McElmo  formation,  Jurassic?,  Colorado:  Cross  and 
Larsen,  290. 

McElmo  formation,  Jurassic?,  Utah:  Lupton,  773. 

McKim  greywack^,  pre-Oambrlan,  Ontario:  Cole- 
man, 264. 

McLeansboro  formation,  Pennsylvanlan,  Illinois^ 
Blatchley,  98, 100. 

McMicken,  Ordovician,  Indiana:  Cumingsand  Gal- 
loway, 295. 

McNalry  sand  member,  Cretaceous,  Gulf  States: 
Stephenson,  1128. 

Madison  formation,  Osarklan,  Upper  Mississippi 
Valley:  Walcott,  1244. 

Madison  (?)  Jimestone,  Carbonifsrous,  Montana: 
Bowen,  1(M. 

Madison  limestone,  Misslssippian,  Idaho:  Richards 
and  Mansfield,  995. 

Madison  limestone,  Misslssippian,  Montana:  Stone 
and  Bonine,  1149. 

MadisonvIUe  limestone,  CarbonllSerous,  Kentucky: 
Crider,  2»i;  Hutchinson.  600. 

Magothy  formation.  Cretaceous,  Maryland:  Berry, 
84. 

Mahoning  sandstone,  Carboniferous,  West  Virginia: 
Hennen  and  R^er,  527;  Krebs  and  Teets,  697. 

Maidment  formation,  Ordovician,  Newfoundland: 
Van  Ingen,  1222. 

Malahat  voicanics.  Carboniferous?,  British  Colum- 
bia: Clapp,  227;  Clapp  and  Cooke,  230. 

Maiden  sandstcme,  Cvarboniferous,  West  Virginia: 
Krebs  and  Teets,  697. 

Malignant  Cove  formation,  Ordovician,  Nova 
Sootia:  Williams,  1300. 

Mancos  formation.  Cretaceous,  New  Mexico:  Kirk, 
683;  Wfaichester,  1324. 

ManooB  formation.  Cretaceous,  Utah:  Clark,  235. 

Mancos  shafe,  Cretaceous,  Utah:  Lupton,  773. 

Manhasset  formation.  Quaternary,  New  York:  Ful- 
ler, 441. 

Manhattan  schist.  New  York:  Fettke,  420. 

Manhattan  schist,  pre-Cambrian,  New  York:  Ber- 
key  and  Healey,  79. 


Manlgotagan  granites,  pre-Cambrian,  Manitoba: 

Moore,  860. 
Manitoba  formatian,  Devonian,  Manitoba:  Mao- 
Lean  and  Wallace,  796. 
Manltoban  formation,  Devonian,  Manitoba:  Kindle, 

676. 
Manltoulin  limestone  member,  Silurian,  New  York 

and  Ontario:  Schucbert,  1054. 
Manltoulin  member,  Silurian,  Ontario:  Williams, 

1301, 1303. 
Manix  beds,  Pleistocene,  California:  Buwalda,  18t 
Mankomen    formation.     Carboniferous,     Alaska: 

Moffit,  854. 
Manilas  limestone,  Silurian,  New  York:  Hopkins, 

671. 
Mannetto  gravel,  Quaternary,  New  York:  Fuller, 

441. 
Manningtoo  sandstone,  Permo-Carbonlferous,  West 

Virginia:  Krebs  and  Teets,  697. 
Manuels  formatiooi,  Cambrian,  Newfoundland:  Van 

Ingen,  1222. 
Maquoketa  shale,  Ordovician,  Illinois:  Blatchlev, 

100;  Cady,  185;  Cox,  278. 
Maqu<^ta  shale,  Ordovician,  Iowa:  Thomas,  1165. 
Maquoketa  shale,  Ordovician,  Minnesota:  Grout 

and  Super,  502. 
Maquoketan  series:  Keyes,  661. 
Marais  des  Cygnes  terrane.  Carboniferous,  Iowa: 

Keyes,  661. 
Marble  Bay  formation,  Tr lassie  or  Jurassic,  British 

Cohimbla:  Calmes,  191;  McConnell,  782. 
Marble  (^nyon  limestone.  Carboniferous,  British 

Columbia:  Drysdale,  360. 
Maroellus   black   shale,    Devonian,   New    York: 

Luthtf,  775. 
Maroellus  shale,  Devonian,  New  York:  Houghton, 

577. 
Maroellus  shales,  Devonian,  New  York:  Hopkins' 

571. 
Marfetta  (Lower)  sandstone,  Permo-Carbonlferous, 

West  Virginia:  Krebs  and  Teets,  697. 
Marietta  (Upper)  sandstone,  Permo-Carbonlferous, 

West  Virginia:  Krebs  and  Teets,  697. 
Marin  sandstone,  Jurassic?,  Califomia:  Lawson,  724. 
Marquettan  series,  pre^ambrian.  Lake  Superior 

region:  Keyes,  662. 
Marshall  sandstone,  C^bonlferous,  Michigan:  Cook, 

273. 
Marshall  sandstone,  Misslssippian,  Michigan:  Smith, 

1108. 
Martinez  formation.  Eocene,  Califomia:  Lawson, 

724;  Waring,  1254. 
Martinet  poup.  Eocene,  Califomia:  Dickerson,  340, 

341, 342. 
Martlnsburg  shale,  Ordovician,  New  Jeraey:  Bay- 
ley  €t  al,  66. 
Mascall  formation,  Miocene,  Oregon:  Collier,  266. 
Maysville  group,  Ordovician,  Indiana:  Cumings  and 

Galloway,  295. 
Maywood  clays,    Pleistocene,    British   Columbia: 

Clapp,  223, 227. 
Medina  formation,  Silurian,  New  York  and  Ontario: 

Schuchert,  1054. 
Medina  formatton,   Silurian,   Ontario:   Williams, 

1303. 
Meeteetse  formatian.  Cretaceous,  Wyoming:  Hew- 

ett,534. 
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Menard  fonnatSon,  MJaBJasippian,  Illinois:  Weller, 

12m,  1270. 
HeDdota  fonnatioii,  OzarUan,  Upper  MiaslsBippi 

Valley:  Walcott,  1244. 
Mcfiainee  group,  llisaisaippiaD,  lUioois:  Blatcbleyt 

100. 
Kemmec  group,  Miaissippiazi,  Miasisaippi  Valley: 

Weller,  1270. 
Mooed  formatUm,  Pliocene,  Califomia:  Lawsoo, 

724. 
Merrimac   sdusts,    MiBsiaslppian,    MassachuBetts: 

Clapp,  222. 
Merritt  sand,  Pleistocene,  CaUfomia:  Lawson,  724. 
Mesaverde  formatien,   Cretaceous,   New  Mexico: 

Winchester,  1324. 
Mesaverde  formation,  Cretaceous,  Utah:  Clark,  235. 
Mesaverde  series.  Cretaceous,  New  Mexico:  Kirk, 

683. 
Metchosin  volcanlcs.  Eocene,  British  Columbia: 

Clapp,  223,  227. 
Mettawee  slate,  Cambrian,  New  York:  Cushing  and 

Ruedemann,  296. 
Michigan  series,  Mississippian,  Michigan:  Cook,  273; 

Smith.  1106. 
Middendorf  arkose  member,  Upper  Cretaceous,  8. 

Carolina:  Berry,  80. 
Middlesex   black   shale,   Devonian,    New   York: 

Luther,  775. 
Middlesex  shale,  Devonian,  New  York:  Houghton, 

677. 
Midway  formation,  Eocene,  Texas:  Deussen,  336. 
Milford   granite,    Devonian,    Rhode   Island   and 

Massachusetts:  Warren  and  Powers,  1256. 
Milford    granite,    Rhode   Island:    Loughlin    and 

Hechinger,  767. 
Millersburg    limestone,'  Ordovidan,    Kentucky: 

Foerste,  427. 
Millican  formation,  Algankian7,  Texas:  Richard* 

son,  999. 
Minncsotan  series:  Keyes,  661. 
Mispeck  formation,  Quebec:  Hayes,  523. 
Missi    fonnation,    pr»<^ambrian,    Saskatchewan: 

Bruce,  144. 
Mississippian  series:  Keyes,  661. 
Missourian  so-ies:  Keyes,  661. 
Moccasin  limestone,  Ordovician,  Virginia:  Stose, 

1152. 
Moencopie  formation,  Permian?,  Arisona:  Gregory, 

497. 
Mohawk ian  series:  Keyes,  661. 
Moiia  granite,  preOambrian,  Ontario:  Miller  and 

Knight,  848. 
Molas  formation,  Pennsylvanian,  Colorado:  Crtxis 

and  Larsen,  290. 
Monongahela  series,  Carboniferous,  West  Virginia: 

Hennen  and  Reger,  527. 
Monongahela  series,  Pennsylvanian,  West  Virginia: 

Krebs  and  Teets,  607. 
Monroe  formation,   Silurian,   Michigan:   Shenser, 

1081;  Smith,  1108;. 
Monroe  (Lower),  Silurian,  Michigan:  Cook,  273; 

Sherzer,  1081. 
Monroe  (Upper)  series,  Devonian,  Michigan:  Cook, 

273. 
"Montana   granite,"   pre-Frandacan   (Mesosoic), 

C^ifomia:  Lawson,  724. 


Montana  group.  Cretaceous,  Montana:  Stebinger, 

1125,1126. 
Montana  group,  Qnetaoeous,  South  Dakota:  Calvert 

Montanan  series:  K^es,  661. 

Montauk  till  member,  Quaternary,  New  York: 
FuUer,  441. 

Monterey  formation,  Miocene,  Callfbmia:  Anderson 
and  Martin,  18. 

Monterey  group,  Miocene,  CaUfomia:  Lawson,  724. 

Monticello  terrane,  Silurian,  Iowa:  Keyes,  661. 

Montoya  limestone,  Ordovician,  Texas:  Richard- 
son, 999. 

Montrose  chert,  Carboniferous,  Iowa:  Keyes,  661. 

Montrose  chert  bed,  Mississippian,  Mississippi  Val- 
ley: Weller,  1270. 

Moose  metargillite,  Beltian,  British  Columbia: 
Daly,  306. 

Moose  River  sandstone,  Devonian,  Maine:  Clarke, 
244;  Pirsson  and  Schuchert,  055. 

Moraga  formation.  Pliocene,  Calilomia:  Lawson, 
724. 

Morgan  formation,  Pennsylvanian,  Utah:  Richards 
and  Mansfield,  095. 

Morgantown  sandstone,  (^bonlferous,  West  Vir- 
ginia: Hennen  and  Reger,  527;  Krebs  and  Teets, 
097. 

Morrison  formati<m,  Jurassic  or  Cretaceous,  Wyo- 
ming: Bamett  39,  41;  Hewett,  534. 

Morrison  shale,  Jurassic  or  Cretaceous,  Wyoming: 
Bamett,  40. 

Morrow  formation,  Pennsylvanian,  Oklahoma: 
Smith,  1008. 

Moscow  shale,  Devonian,  New  York:  Houghton, 
577;  Luther,  775. 

Mount  Hope  marl,  Tertiary,  ^uth  Carolina: 
Stephenson,  1129. 

Mount  Hope-Falrmount  (Fairview),  Ordovician, 
Indiana:  Cumings  and  Galloway,  205. 

Mount  Savage  fire  clay,  C^boniferous,  West  Vir- 
ginia: Hennen  and  Reger,  527. 

Mount  Selman  formation.  Eocene,  Texas:  Deussen, 
336. 

Mount  Simon  formation.  Upper  Ciunbrian  (St. 
Croixan),  Upper  Mississippi  Valley:  Walcott, 
1244. 

Mount  Whyte  formation,  Cambrian,  British  Co- 
lumbia: Allan,  5,  6. 

Mowry  shale  member.  Cretaceous,  Wyoming: 
Bamett,  30-11. 

Moydart  fonnation,  Silurian,  Nova  Scotia:  Wil- 
liams, 1300. 

Moyie  formation,  pre-Cambrian,  British  Columbia: 
Schofield,  1030. 

Moyie  sfils,  British  Columbia:  Schofield,  1042. 

Moyie  sills,  pre-Cambrlan,  British  Columbia: 
Schofield,  1042. 

Muav  limestone,  Cambrian,  Arisona:  Hill,  530; 
Noble,  880. 

Mud  Hill  series.  Tertiary,  Califomia:  Free,  438. 

Mud  Lake  granite,  pre-Cambrian,  Ontario:  Lawson, 
721. 

Nakimu  limestone,  Beltian,  British  Columbia: 
Daly,  306. 

Nanaimo  series,  Cretaceous,  British  Columbia: 
Clapp,  223,  225;  Clapp  and  Cooke,  230. 
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Napoleon    formation,    Mlssiasippian,    Mjchisan: 

Smitb,  1106. 
Napoleon  (upper  ICarshall)  formation,  ICissiaslp- 

pian,  Michigan:  Cook,  273. 
Narraganaett  series,  Carboniferous,  Rhode  Island 

and  Massachusetts:  Warren  and  Powers,  1256. 
Nass  formation,  British  Columbia:  McConnell,  780. 
Nassau  beds,  Cambrian,  New  York:  Cushing  and 

Ruedamann,  290. 
Nation  River  formatfon,  Carboniferous,  Alaska 

and  Yukon:  Caimes,  186, 187, 189. 
Nebraskan  stage,  Pleistocene,  Iowa:  Hay,  622. 
Nera  limestone,  Permian,  Oklahoma:  Beede,  73. 
Newark  group,  Triassic,  New  Jersey:  Bayley  et  ol., 

66. 
Newcastle  formatfon.  Cretaceous',  British  Colum- 
bia: napp,  225. 
New  Germantown  sheet,  Triassic,  New  Jersey: 

Bayley  ei  a/.,  66. 
Newland  C<  Wallace")  formation,  Algonkian,  Idaho 

and  Montana:  Calkins  and  Jones,  192. 
Newman  limestone,  Carboniferoos,  Virginia:  Stose, 

1152. 
Newman    limestone,    Mississippian,    Kentucky: 

Munn,869. 
Newman  limestone,  Mississippian,  Virginia:  Butts, 

179. 
New  Richmond  sandstone,  Ordovidan,  niinois: 

Cox,  278. 
New  Richmond  terrane,  Cambrian,  Iowa:  Keyes, 

661. 
New  Vernon  sheet,  Triassic,  New  Jersey:  Bayley 

€t  ai.,66. 
Niagara  dofomite,  Ordovician,  Illinois:  Cox,  278. 
Niagara  formatfon,  Silurian,  Michigan:  Sherzer, 

1081. 
Niagara  formatfon,  Silurian,  Ontarfo:  AVUliams, 

1303. 
Niagara  limestone,  Sihirian,  Illinois:  Cady,  185. 
Niagara  limestone,  Silurian,  Michigan:  Smith,  1106. 
Nlagaran  series:  Keyes,  661. 
Nfoholas  bed,  Ordovician,  Kentucky:  Foerste,  427. 
Nfoola  group,  Jura-Triassic,   British   Columbia: 

Drysdale,  360. 
Nfoola  series,  Triassfc,  British  Colimibia:  Rose,  1016. 
Nfobrara  limestones.  Cretaceous,  Iowa:  Keyes,  655. 
Nfobrara  shale.  Cretaceous,  Wyoming:   Bamett, 

39-41. 
Nfobrara  terrane.  Cretaceous,  Iowa:  Keyes,  661. 
Nfobrara-Benton  shales.  Cretaceous,  Alberta:  Dowl- 

ing,  362, 364. 
Nipissing  diabase,  pre-Cambrian,  Ontarfo:  Miller 

and  Knight,  848. 
Nipissing  diabase,  pre-Gambrian,  Quebec:  Wilson, 

1313, 1314. 
Nishnabotna  sandstone,  Cretaseous,  Iowa:  Keyes, 

655. 
Nishnabotna  terrane.  Cretaceous,  Iowa:  Keyes,  661. 
Noix  limestone,  Silurian,  Missouri:  Keyes,  650. 
Noix  oolite  member,  Silurian,  Missouri:  Savage, 

1031. 
NoUchucky  shale,  Cambrian,  Virginia:  Stose,  1152. 
NormanskUl  grit,  Ordovician,  New  York:  Cushing 

and  Ruedemann,  206. 
NormanskUl  shale,  Ordovician,  New  York:  Cushing 

and  Ruedemann,  296. 


Northbrae  rhyolite.  Pliocene,  California:  Lawson, 

724. 
N(»thbridge  gneiss,  Rhode  Island:  Loughlin  and 

Hechinger,  767. 
Northumberland   formatfon.   Cretaceous,   British 

Columbia:  Clapp,  225. 
Norton  formatfon,  Pennsylvanian,  Virginia:  Butts, 

170, 180. 
Nosoni    formatfon,     Pennsylvanian,     California: 

Boyle,  113. 
Nugget  sandstone,  Jurassfo  or  Triassfo,  Idaho: 

Rfohards  and  Mansfield,  905. 
Nugget  sandstone,  Juncsfo  or  Triassfo,  Wyoming: 

Schulte,  1058. 
Nunda  sandstones,  Devonian,  New  York:  Luther, 

775. 
Oakland  conglomerate  member.  Cretaceous,  CaU* 

fomia:  Lawson,  724. 
Octoraro  mica  schist,  Ordovfoian,  Pennsylvania: 

Bliss  and  Jonas,  101. 
Ohfo  shale,  Devonian  and  Carboniferous,  Kei>> 

tucky:  Morse  and  Foerste,  807. 
Ohfo  shale,  Devonian,  Ontarfo:  Kindle,  677. 
Ohfo  shales,  Devonian,  Ontarfo:  Williams,  1302. 
OJo  Alamo  beds.  Cretaceous,  New  Mexfoo:  Brown, 

133. 
OJo  Alamo  beds.  Tertiary  or  Cretaceous,  New 

Mexico:  Sinclair  and  Granger,  1093. 
Okaw  formatfon,  Mississippian,  Illinois:  Welter, 

1280. 
Okaw  formatfon,  Mississippian,  Mississippi  Valley: 

Weller,  1270. 
Oklahoman  series:  Keyes,  661. 
Olequa  formatfon,  Eocene,  California  and  Oregon: 

Arnold  and  Hannibal,  22. 
Oneida    congfomerate,    Devonian,    New    York: 

Clarke,  244. 
Oneota  dolomite,  Ordovician,  Hlinois:  Cox,  278. 
Oneota  dolomite,  Ordovician,  Minnesota:  Qrout 

and  Sopor,  502. 
Oneota  formatfon,  Ocarkian,  Upper  Mississippi 

Valley:  Walcott,  1244. 
Oneota  terrane,  Cambrian,  Iowa:  Kejres,  661. 
Onondaga  limestone,  Devonian,  New  York:  Hop- 
kins, 571;  Houghton,  577;  Luther,  775. 
Onondaga  limestone,  Devonian,  Ontarfo:  Kindte, 

677. 
Open  Bay  group,  Cretaceous  or  Jurassfo,  British 

Columbia:  Caimes,  191. 
Orange   group,   Mesozoio-Pennsylvanlan,   Alaska 

and  Yukon:  Caimes,  187. 
Orange   group,    Mesoioic,    Yukon   and    Alaska: 

Caimes,  180. 
Orca  group,  Mesoiofo,  Alaska:  Mofllt,  854. 
Oread  limestone.  Carboniferous,  Oklahoma:  But- 

tram,  178. 
Orinda  formatfon,  Plfooene,  California:  Lawson, 

724. 
Orindan  formatfon,  Tertiary,  California:  Merriam, 

834. 
Oriskanian  series:  Keyes,  661. 
Oriskany,  Devonian,  New  York:  Clarke,  244. 
Oriskany  formatfon,  Devonian,  Maine:  Pirsson  and 

Schuchert,  955. 
Oriskany  sandstone,  Devonian,  New  York:  Hop- 
kins, 571;  Luther,  775. 
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Orlskany  sandntono,  Devonian,  Ontario:  Kindle, 

677. 
Osage  group,  Mississippian,  nitnois:  Blatchley,  100. 
Osage  group,   Missi&sippian,   Mississippi  Valley: 

Weller,  1270. 
Osgood  limestone,  Silurian,  Tennessee:  Drake,  366; 

Wade,  1239. 
Otis  terrane,  Devonian,  Iowa:  Keyes,  661. 
Otter  granite,  Tertiary  (KiooeneT),  British  Colum- 
bia: Camsoll,  197. 
Ottertail  formation,  Cambrian,  British  Columbia: 

Allan,  6. 
Ottertail  limestone  formation,  Cambrian,  British 

Columbia:  Allan,  5. 
Ouray  limestone.  Carboniferous  and  Devonian, 

Colorado:  Cross  and  Larsen,  290. 
Oursan  sandstone,  Miocene,  Califamia:  Lawaoo, 

724. 
Osarkian  series:  Keyes,  661. 
Ocarklan  series,  Cambrian,  Lake  Superior  region: 

Keyes,  662. 
Paget  formation,   Cambrian,   British  Columbia: 

Allan,  5,  6. 
Paint    Creek    formation,    Mississippian,    Illinois: 

Weller,  1260. 
Paint  Creek  formation,  Mississippian,  Mississippi 

Valley:  Weller,  1270. 
Palestine  formation,  Mississippian,  Illinois:  Weller, 

1260. 
Palestine    formation,    Mississippian,    Mississippi 

Valley:  Weller,  1270. 
Palisade  trap,  Triasslc,  New  Jersey:  Berksy  and 

Healey,  79. 
Pamelia  (upper  and  lower),  Ordovidan,  Ontario: 

Raymond,  980. 
Paris  formation,  Ordovician,  Kentucky:  Foerste, 

427. 
Park  City  formation,  Carboniferous,  Utah:  Rich- 
ards and  Mansfield,  995. 
Park  City  formation,  Ponnsylvanian  and  PermianT, 

Wyoming:  Schultz,  10S8. 
Parkman    (7)    sandstone    member.    Cretaceous, 

Wyoming:  Barnett,  41. 
Parkville  terrane,  Carboniferous,  Iowa:  Keyes,  661. 
Parma  sandstone.  Carboniferous,  Michigan:  Cook, 

273. 
Parma     serndstone,     Ponnsylvanian,     Michigan: 

Smith,  1108. 
Parrsboro  formation,  CarboniSerous,  Nova  Scotia: 

Hyde,  602. 
Paskapoo formation,  Tertiary,  Canada:  Brown,  133. 
Paskapoo  series,  Tertiary,  Alberta:  Dowling,  362, 

364. 
Paso  Roblos  formation.  Neocene,  California:  Ander- 
son and  Martin,  IS. 
Pawhuska  limestone,   Carboniferous,   Oklahoma: 

Beede,  73. 
Pa\'.iiGe  limestone,  Permian,  Oklahoma:  Beede,  73. 
Pawtuckct  formation,  Carboniferous,  Rhode  Island 

and  Massachusetts:  Warren  and  Powers,  1256. 
Peabody  granite,  Mississippian  or  Pennsylvanian, 

Massachusetts:  Clap,  222. 
Peedee  sand,  Cretaceous,  South  Carolina:  Stophon- 

son,  1129. 
Peedee  sand.  Upper  Cretaceous,  South  Carolina: 

Berry,  80. 


Peekskm  Creek  Ihnestone,  New  York:  Fettke,  420. 
Peekskill  phyllite.  New  York:  Fettke,  420. 
Peerless  sandstone.  Carboniferous,  West  Virginia: 

Krebs  and  Teets,  697. 
Peerless  (Lower)  sandstone,  Carboniferous,  West 

Virginia:  Krebs  and  Teets,  607. 
Pegram  limestone,  Devonian,  Tennessee:  Drake, 

366. 
Pella  beds,  Mississippian,  Iowa:  Weller,  1270. 
Pella  terrane.  Carboniferous,  Iowa:  Keyes,  661. 
Pembroke  formation,  Silurian,  Maine:  Bastin  and 

Williams,  60. 
Penningtonshale,  Mississippian,  Kentucky:  Munn, 

860. 
Pennington  shale,  Mississippian,  Virginia:  Butts, 

179. 
Pensauken  formation.  Pleistocene,  New  Jeneyi 

Bayley  «<  a/.,  66. 
Peoria  terrane.  Pleistocene,  Iowa:  Keyes,  661. 
Peorian  stage.  Pleistocene,  Iowa:  Hay,  522. 
Perry  formation,  Devonian,  Maine:  Bastin  and 

Williams,  60. 
Perryville     formation,     Ordovician,     Kentucky: 

Foerste,  427;  Miller,  843. 
Phillips  formation,  pre-Cambrian,  British  Coluni- 

bia:  Schofleld,  1040, 1043. 
Phosphoria  formation,  Permian?,  Montana:  Stone 

and  Bonine,  1149. 
Phosphoria  formation,  Permian?,  Idaho:  Richards 

and  Mansfield,  995. 
Picton  (upper  and  lower)  formation,  Ordovician, 

Ontario:  Rasrmond,  980. 
Pierre  formation,  Cretaceous,  Wyoming:  Bamett, 

41. 
Pierre  shale.  Cretaceous:  Stanton,  1122. 
Pierre  shale.  Cretaceous,  Montana:  Rogers,  1012. 
Pierre  shale.  Cretaceous,  North  Dakota:  Leonard, 

737. 
Pierre  shale.  Cretaceous,  South  Dakota:  Calvert 

et  al.,  193. 
Piore  shale,  Cretaceous,  Wyoming:  Bamett,  39, 40. 
Pierre  shales.  Cretaceous,  Canada:  Brown,  133. 
Pierson  limestone,  Mississippian,  Mississippi  Val- 
ley: Weller,  1270. 
Pine  Creek  limestone.  Carboniferous,  West  Vir- 
ginia: Hennen  and  Roger,  527;  Krebs  and  Teets, 

097. 
Pinole  tuff.  Pliocene,  California:  Lawson,  724. 
Piocbe  formation,  Cambrian,  Utah,  Nevada:  Bur- 
ling, 157. 
Pit  shales,  Trlassic,  California:  Boyle,  113. 
Pitkin  limestone,  Mississippian,  Oklahoma:  Smith, 

1098;  Snider,  1111. 
Pittsburgh    (Little)    limestone,    Ponnsylvanian, 

West  Virginia:  Krebs  and  Teets,  697. 
Pittsburgh  red  shale,  Carboniferous,  West  Virginia: 

Hennen  and  Ueger,  527;  Krobs  and  Teets,  697. 
Pittsburgh  sandstone,  Pennsylvanian,  West  Vir- 
ginia: Krebs  and  Tccts,  mi. 
Pittsburgh (Lo.  or) sandstone, Carboniferous,  West 

Virginia:  Hennen  and  Ueger,  527;  Krobs  and 

Toets,  697. 
Pittsburgh  (Upper)  sandstone,  Carboniforoiis,  West 

Virginia:  Hennen  and  Kegor,  527. 
Pittsford  shale,  Silurian,  New  York:  Hopkins,  671. 
Platte  terrane,  Carboniferous,  Iowa:  Keyes,  661. 
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PlattevUle   Ilmestaiie,   Ordcrviclan,   Illinois:  Cox, 

278. 
Platteville    limestone,     Ordovician,     Minnesota: 

Grout  and  Soper,  502. 
Platteville  terrane,  Ordovician,  Iowa:  Keyes,  661. 
Plattsmouth  terrane,  Carboniferous,  Iowa:  Keyes, 

661. 
Pleasanton    formation,    Carbonilierous,    Missouri: 

Greene,  494. 
Pochuck  gneiss,  pre-Cambrian,  New  Jersey:  Bay- 
ley  etal.,66, 
Pocono  series,  Carboniferous,  West  Virginia:  Hen- 

nen  and  Rego-,  527. 
Point  Edward  formation,   Pennsylvanian,   Nova 

Scotia:  Hyde,  602. 
Point  Pleasant  member,  Ordovician,  Kentucky: 

Foerste,  427. 
Pokegama  quartzite,  Algonkian,  Minnesota:  Grout 

and  Soper,  502. 
Ponca  sandstone,  Cretaceous,  Iowa:  Keyes,  655. 
Ponca  terrane,  Cretaceous,  Iowa:  Keyes,  661. 
Pondvllle  conglomerate,  Permian?,  Massachusetts: 

Lougfalin  and  Hecfainger,  767. 
Pontiac  schist,  pr»<?ambrian,  Quebec:  Wilson,  1313, 

1314. 
Pontiac  aeries,  pre-Cambrian,  Quebec:  Wilson,  1313. 
Portage  beds,  Devonian,  New  York:  Houghton,  577. 
Port  Ewen  beds,  Devonian,  New  York:  Clarke,  244. 
Potosi  formatfon,  Cambrian,  Missouri:  Lee,  727. 
Potsdam  sandstone,  Cambrian,  New  York:  Gushing 

and  Ruedemann,  296. 
Pottsville,  Pennsylvanian,  Illinois:  Cady,  185. 
PottsvOle     formation,    Pennsylvanian,     Illinois: 

Blatchley,  98, 100;  Hhids,  543. 
PottsvUle  series,  Carboniferous,   West  Virginia: 

Hennen  and  Reger,  527;  Krebs  and  Teets,  697. 
Poughquag    quartxite,    Cambrian,    New    York: 

Fettke,  420. 
Prairie  du  Chien  series,  Ordovician,  Illinois:  Cox, 

278. 
Prairie  du  Chien  group,  Ordovician,  Minnesota: 

Grout  and  Soper,  502. 
Price  sandstone,  Devonian,  Virginia:  Stose,  1152. 
Prince  Rupert  formation,  upper  Paleosoic?,  British 

Columbia:  McConnell,  781. 
Prince    Rupert   schists,    British    Columbia:  Mc- 
Connell, 782. 
Princeton  series,  pre-Cambrian,  Michigan:  Allen,  14; 

Allen  and  Barrett,  15. 
Proctor  formation,  Cambrian,  Missouri:  Lee,  727. 
I'rospect  Hill  sheet,  Triassic,  New  Jersey:  Bayley 

€t  nl.j  66. 
l^otection  formal  ion,  Cretaceous,  British  Columbia: 

Clapp,  225. 
Providence    sand    member.    Upper    Cretaceous, 

Georgia:  Berry,  80. 
I*uerco  formation.  Tertiary,  New  Mexico:  Brown, 

133;  Sinclair  and  Granger,  1093. 
Puget  formatk>n.  Tertiary,  Washington:  Daniels, 

308. 
Pulaski  shale,  Devonian,  Virginia:  Stose,  1152. 
Pulaski  shales,  Ordovician,  New  York:  Foerste,  428. 
Purcell  lava,   proCambrian,    British   Columbia: 

Schofield,  1040. 
Purcell   lava   formation,   pre-Cambrian,    British 

Columbia:  Schofield,  1043. 


Purcell  series,  pre-Cambrian,  British  Columbia: 

Schofield,  1039, 1040, 1042, 1013. 
Purcell   sills,    pre-Cambrian,    British    Cx)Iumbla: 

Schofield^  1039,  1040,  1042. 
Purgatory  conglomerate,  Permian,  Massachusetts: 

Lough lin  and  Hechinger,  767. 
Put-in-Bay  dolomite,  Silurian,  Michigan:  Sherzer, 

1081. 
Put-In-Bay  dolomite,  Silurian,  Ontario:  Stauffer, 

1123. 
Puyallup  clays,  sands  and  gravels.  Quaternary, 

British  Columbia:  Clapp,  225. 
Puyallup  interglacial  deposits.  Pleistocene,  British 

Columbia:  Clapp,  223,  227. 
Quadrant  ( ?)  quartzite,  Pennsylvanian?,  Montana: 

Stone  and  Bonine,  1149. 
Queen  Charlotte  Islands  formation  (?),  Cretaceous, 

British  Columbia:  Drysdale,  369. 
Queen  Charlotte  series,  Cretaceous,  British  Colum- 
bia: MacKenxie,  793. 
Queen  Charlotte  series,  Jurassic,  British  Columbia: 

Clapp,  227. 
Queenston  formation,  Ordovician,  New  York  and 

Ontario:  Schuchert,  1064. 
Queenston  shales,  Ordovician,  Ontark):  Williams, 

1303. 
Queniult  formation,  Pliocene,  Washington:  Lupton, 

774. 
Quincy    granite,    Massachusetts:    Loughlin    and 

Hechinger,  767. 
Quoddy  shale,  Silurian,Maine:  Bastinand  Williams, 

60. 
Racquet  group.  Carboniferous,  Alaska  and  Yukon: 

Caimes,  186, 187. 
Racquet  series,  Yukon  and  Alaska:  Caimes,  189. 
Raisin  River  dolomite,  Silurian,  Michigan:  Sherzer, 

1081. 
Raisin  River  dolomite,  Sflurian,  Ontario:  Stauffer, 

1123. 
Ralston  formatkm,  Tertiary,  Wyoming:  Granger, 

485. 
Ralston  group.  Carboniferous,  Oklahoma:  Beede, 

73. 
Ramsay  Lake  conglomerate,  pr»<3ambrian,  Ontario: 

Coleman,  264. 
Ramsay  Lake  series,  pre<}ambrian,  Ontario:  Miller 

and  Knight,  848. 
Random  formation,  pre<7ambrian,  Newfoundland: 

Van  Ingen,  1222. 
Rapid  limestone,  Devonian,  Iowa:  Keyes,  657. 
Rapid  terrane,  Devonian,  low^a:  Keyes,  661. 
Raritan  formation.  Cretaceous,  New  Jersey  and 

Maryland:  Berry,  84. 
Rattlesnake  formation.  Pliocene,  Oregon:  Collier, 

266. 
Ravenswood    granodiorite,    pre-Cambrian,    New 

York:  Berkey  and  Healey,  79. 
Red  Beds,  Permian,  Texas:  Udden,  1202. 
Red    Head    formation,    Carboniferous,    Quebec: 

Hayes,  523. 
Redmond  formation,  Ordovician,  Nevi'foundland: 

Van  Ingen,  1222. 
Redwall  limestone.  Carboniferous  (Mlssisslppian), 

Arizona:  Noble,  880. 
Redwall  limestone.  Carboniferous,  Arizona:  Hill, 

539. 
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Renault  formation,  Mississippian,  Illinois:  Weller, 
1269. 

Renault  formation,  Mississippian,  Mississippi  Val- 
ley: Weller,  1270. 

Rensselaer  grit,  Devonian,  New  York:  Clarke,  244. 

Revett  quartzite,  Algonkian,  Idaho  and  Montana: 
Calkins  and  Jones,  192. 

Rex  chert  member,  Permian?,  Idaho:  Richards  and 
Mansfield,  995. 

Rhinestreet  black  shale,  Devonian,  New  York: 
Luther,  775. 

Rhinestreet  shale,  Devonian,  New  York:  Houghton, 
677. 

Rice  Lake  series,  pre-Cambrian,  Manitoba:  Moore, 
860. 

Richmond  group,  Ordovician,  Indiana:  Cumings 
and  GaUoway,  295;  Shideler,  1QS2. 

Richmond  group,  Ordovician,  Ontario:  Williams, 
1301. 

Riders  Brook  formation,  Ordovician,  Newfound- 
land: Van  Ingen,  1222. 

Ridgetop  shale,  Mississippian,  Tennessee:  Drake, 
366;  Wade,  1239. 

Ripley  formation,  Cretaceous,  Gulf  States:  Stephen- 
son, 1128. 

Ripley   formatk>n,    Upper    Cretaceous,    Georgia: 
Berrj',  80. 

Riverside  sands.  Tertiary,  Iowa:  Keyes,  656. 

Riverside  terrane.  Tertiary,  Iowa:  Keyes,  661. 

Roan  gneiss  series,  pre-Cambrian,  Georgia:  Hopkins, 
56«. 

Rochester  member,  Silurian,  Ontario:  Williams, 
1303. 

Rochester  shale,  Silurian,  Michigan:  Smith,  1108. 

Rochester  shale,  Silurian,  New  York:  Schuchert, 
1054. 

Rockcastle  conglomerate  member,  Pennsylvanlan, 
Kentucky:  Munn,  869. 

Rockford  limestone,  Mississippian,  Mississippi  Val- 
ley: Weller,  1270. 

Rockland  formation,  Ordovician,  Ontario:  Ray- 
mond, 980. 

Rockwood    formation,    Silurian,   Virginia:   Stose, 
1152, 

Rocky  Motmtain  quartzite,  Carboniferous,  Alberta: 
Allan.  5,, 

Rodeo  sli^e^  JIfiocene,  California:  Lawson,  724. 

Romneribi^.  Devonian,  Virginia:  Btose,  1152. 

Rondout  waterlirae,  Silurian,  New  York:  Hopkins, 
571. 

Ronkonkoma  moraine,  Quatemu-y,   New  York: 
Fuller,  441. 

Roosville  formation,  pre-Cambrian,  British  Colum- 
bia: Schofield,  1040,  1043. 

Ross  quartzite,  Beltian,  British  Columbia:  Daly, 
306. 

Ross  Brook  formation,  Silurian,  Nova  Scotia:  Wil- 
liams, IJOO. 

Roubldoux  formation,  Cambrian,  Missouri:  Lee, 


?27. 


Rowlesburg  sandstone,  Devonian,  West  Virginia: 

Hennen  and  Ueger,  527. 
Roxbury    conglomerate,    Massachusetts:    Sayles, 

1034. 

Roxbury  conglomerate,  Carboniferous,  Massachu- 

set  ts:  Lahw,  702. 
Roxbury  series,  Massachusetts:  Sayles,  1034. 


RufTner  fire  clay,  Pennsyh^anian,  West  Virginia: 

Krehs  and  Teets,  697. 
Ruma  formation,  Mississippian,  Illinois:  Weller, 

1260. 
Ruma  formation,  Mississippian,  Mississippi  Valley: 

Weller,  1270. 
Russell  formation,  Cambrian,  Virginia:  Stose,  1152. 
Rustler  limest(me,  Permian,  Texas:  Ridiardson, 

999. 

Rysedorph  Hill  conglomerate,  Ordovician,  New 

York:  Cushfaig  and  Ruedemann,  296. 
Saanich  granodiorlte,  British  Columbia:  Clapp,227. 
Saanich  granodiorlte,  Jurassic,  British  Columbia: 

Clapp,  223, 225;  Clapp  and  Cooke,  230. 
Sabula  terrane,  Silurian,  Iowa:  Keyes,  661. 
Saginaw  formation.  Carboniferous,  Michigan:  Cook, 

273. 
Saginaw    formation,    Pennsylvanlan,    Mfchigan: 

Smith,  1106. 
St.  John  group,  Cambrian,  New  Brunswk^k:  Mat- 
thew, 816. 
St.  John  group,  Cambrian,  Quebec:  Hayes,  523. 
St.   Lawrence  formation,  Cambrian,   Minnesota: 

Grout  and  Soper,  502. 
St.   Lawrence  formation,   Upper  C^unbrian   (St. 

Croixan),   Upper  Mississippi  Valley:   Walcott, 

1244. 
St.  Lawrence  terrane,  Cambrian,  Iowa:  Keyee,  661. 
St.  Louis  formation,  Mississippian,  nUnois:  Blatch- 

ley,98. 
St.  Ixxiis  limestone,  Mississippian,  Illinois:  Blatch- 

ley,  100. 
St.  Louis  llmest<nie,  Mississippian,  Mississippi  Val- 
ley: Weller,  1270. 
St.    Louis   limestone,    Mississippian,    Tennessee: 

Drake,  366;  Wade,  1239. 
St.  Louis  terrane,  Carboniferous,  Iowa:  Keyes,  661. 
St.  Mary  siUs,  British  Columbia:  Schofield,  1042. 
St.  Mary  River  formation.  Upper  Cretaceous  or 

Eocene,  Montana:  Stebingor,  1124. 
St.  Marys  formation,  Miocene,  Virginia:  Olsson,  889. 
St.  Peter  sandstone,  Ordovician,  Illinois:  Blatch- 

ley,  100;  Cady,  185;  Cox,  278. 
St.  Peter  sandstone,  Ordovician,  Minnesota:  Grout 

and  Soper,  502. 
St.  Peter  terrane,  Ordovician,  Iowa:  Keyes,  661 . 
St.  Peters  sandstone,  Ordovician,  Michigan:  Smith, 

1108. 
St.  Piran  formation,  Cambrian,  British  Columbia: 

Allan,  5,  6. 
St.  Regis  formation,  Algonkian,  Idaho  and  Mon- 
tana: Calkins  and  Jones,  192. 
Ste.  G«ievieve  formation,  Mississippian,  Illinois: 

Blatchley,98. 
Ste.  Genevieve  limestone,  Mississippian,  Illinois: 

Blatchley,  100. 
Ste.  Genevieve  limestone,  Mississippian,  Mississippi 

Valley:  Weller,  1270. 
Salem  gabbro-diorite,  post-OrdovIcian   and   pre- 

Silurian?,  Massachusetts:  Clapp,  222. 
Salem  limestone,  Mississippian,  Illinois:  Blatchley, 

100. 
Salem  limestone,  Mississippian,  Mississippi  Valley: 

Weller,  1270. 
Salina,  Silurian,  Michigan:  Cook,  273. 
Salina  formation,  Silurian,  Michigan:  Sherzer,  1061; 

Smith,  1108. 
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Salina  limestone,  Silurian,  Ontario:  Kindle,  677. 
Salmon  formation,  pre-Cambrion?,  Oregon:  Win- 

chell,  1320. 
Salmon  schist,  California:  Ferguson,  416. 
Salmon  Arm  schist,  pre-Beltlan,  British  Columbia: 

Daly,  306. 
Salmontrout  limestone,  Devonian,  Alaska:  Caimes, 

187. 
SalmcKi trout   limestone,    Devonian,   Alaska  and 

Yukon:  Caimes,  186. 
Saltsburgh  sandstone,  Carboniferous,  West  Vir- 
ginia: Hennen  and  Reger,  527;  Krebs  and  Teets, 

697. 
Salt  Wash  sandstone  member,  Jurassic?,  Utah: 

Lupton,  773. 
Saluda,  Ordovioian,  Indiana:  Cumings  and  Oallo- 

way,  295. 
Saluda  beds,  Ordovician,  Indiana:  Shideler,  1082. 
Salvisa  limestone,  Ordovician,  Kentucky:  Foerste, 

427.       . 
Salvisa  member,   Ordovician,   Kentucky:  Miller, 

San  Antonio  formation,  Pleistocene,  California: 
Lawson,  724. 

Sand  Coulee  beds,  Tertiary,  Wyoming:  Granger, 
485. 

Sangamon  stage.  Pleistocene,  Iowa:  Hay,  522. 

San  Pablo  formation,  Miocene,  California:  Lawson, 
724. 

San  Pedro  formation »  Quaternary,  Ccdifomia:  Ar- 
nold, and  Oarflas,  21. 

Santa  Clara  formation,  Pliocene  and  Quaternary, 
California:  Lawson,  724. 

Santa  Margarita(?)  formation,  Miocene,  Califomia: 
Pack  and  English,  903. 

Santa  Margarita  group,  Neocene,  Califomia:  Ander- 
son and  Martin,  18. 

Batanka  (?)  shale,  Carboniferous,  Wyoming:  Bar- 
nett,  41. 

SaugiLs  granodiorite,  post-Ordovician  and  pre-Sflu- 
rian?,  Massachusetts:  Clapp,  222. 

Saugus  quartz  diorite,  post-Ordovician  and  pre- 
Sllurian?,  Massachusetts:  Clapp,  222. 

Sausalito  chert,  Jurassic?,  Califomia:  Lawson,  724. 

Savanna  formation,  Pennsylvanian,  Arkansas  and 
Oklahoma:  Smith,  1097. 

Savanna  formation,  Pomsylvanian,  Oklahoma: 
Snider,  1113. 

Saverton  terrane,  Carboniferous,  Iowa:  Kejres,  661. 

Sawback  formation,  Devonian,  Alberta:  Allan,  5. 

Schaghtiooke  shale,  Ordovician,  New  York:  Gush- 
ing and  Ruedomann,  296. 

Schenectady  formation,  Ordovician,  New  York: 
Cusbing  and  Ruedemann,  296.  ' 

Schodack  shales  and  limestones,  Cambrian,  New 
York:  Cushing  and  Ruedemann,  296. 

Seaforth  limestone,  Ollgocene?,  Antigua:  Brown, 
130. 

Seine  conglomerate,  pre-Cambrian,  Ontario:  Law- 
son,  721. 

Seine  series,  pre-Cambrian,  Ontario:  Lawson,  721; 
Miller  and  Knight,  848. 

Selkirk  series,  Beltlan,  British  Columbia:  Daly,  306. 

Selkirk  series,  pre-Cambrian,  British  Columbia: 
Schofleld,  1041. 

Selkirkic  period,  pre-Cambrian,  Lake  Superior  re- 
gion: Keyes,  662. 


Selma  chalk,  Cretaceous,  Quif  States.'  Stephenson, 
1128. 

Senecan  series:  Keyes,  661. 

Ser{:eant  shales.  Cretaceous,  Iowa:  Keyes,  655. 

Sergeant  terrane,  Cretaceous,  Iowa:  Keyes,  661. 

Sespe  formation,  Ollgocene,  Califomia:  Arnold  and 
Garflas,  21. 

Sevier  shale,  Ordovician,  Virginia:  Stose,  1162. 

Sewlckley  sandstone,  Pennsylvanian,  West  Virginia: 
Krebs  and  Teets,  697. 

SexUm  Creek  limestone,  Silurian,  Illinois:  Savage, 
1031. 

Shakopee  dok>mite,  Ordovician,  Illinois:  Cady,  185; 
Cox,  278. 

Shakopee  dolomite,  Ordovician,  Minnesota:  Grout 
and  Soper,  502. 

Shakopee  formation,  Canadian,  l^pper  Mississippi 
Valley:  Walcott,  1244. 

Shakopee  terrane,  Cambrian,  Iowa:  Keyes,  661. 

Shannon(?)  sandstone  lentil,  Cretaceous,  Wyoming: 
Baraett,  41. 

Sharon  conglomerate,  Carboniferous,  West  Virginia: 
Hennen  and  Roger,  527. 

Shasta  scries.  Cretaceous,  Califomia:  Pack  and 
English,  903. 

Shawangunk  conglomerate.  New  York:  Brown, 
140. 

Shawangunk  grit,  Devonian,  New  York:  Clarke, 
244. 

Shenandoah  limestone,  Cambro-Ordovician,  Penn- 
sylvania: Bliss  and  Jonas,  101. 

Sherbrooke  formation,  Cambrian,  British  Colum- 
bia: Allan,  5,  6. 

Shinarump  conglomerate^^  Triassic,  Arizona:  Greg- 
ory, 497. 

Shinumo  quartzite,  Algonkian,  Arizona:  Noble, 
880. 

Shulie  formation,  Pennsylvanian,  Nova  Scotia: 
Bell,  77. 

Shuswap  series,  British  Columbia:  Schofleld,  1041. 

Shuswap  series,  pre-Beltian,  British  Columbia: 
Daly,  306. 

Shuswap  terrane,  pre-Beltian,  British  C/olumbia: 
Daly,  306. 

SIcamous  limestone,  pre-Beltian,  Bri(i{s1brjDolumbia: 
Daly,  306.  ;  /.  , 

Sicker  schists,  Jurassic  or  Triassic,  British  Colum- 
bia: Clapp,  223. 

Sicker  series,  Jurassic  or  Triassic,  British  Columbia: 
Clapp,  223,  225. 

Sicker  series,  Jurassic?,  British  Columbia:  Clapp 
and  Cooke,  230. 

Sicker  volcanics,  Jurassic  or  Triassic,  British  Colum- 
bia: Clapp,  223. 

Siesta  formation.  Pliocene,  Califomia:  Lawson,  724. 

Siestan  formation,  Tertiary,  Califomia:  Merriam, 
834. 

Signal  Hill  formation,  pre-Cambrlan,  Newfound- 
land: Van  Ingen,  1222. 

SlUery  formation,  Cambrian,  Queliec:  Dresser,  367. 

Sir  Donald  formation,  Cambrian,  British  Columbia: 
Daly,  306. 

Sioux  terrane,  pre-Cambrian,  Iowa:  Keyes,  661. 

Siyeh  formation,  pre-Cambrian,  British  Columbia: 
Scohficid,  1040, 1043.  • 

Siyeh  limestone,  pre-Cambrian,  British  Columbia: 
Walcott,  1246. 
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Skaneateles  shale,  Devonian,  New  York:  Hough- 
ton, 577;  Luther,  775. 
Skeena  formation*  Cretaceous,  British  Columbia: 

McConnell,  78L 
Skeena  series,  Cretaceous  or  Jurassic?,  British  Co- 
lumbia: Malloch,802. 
Skidegate  formation,  Cretaceous,  British  Columbia: 

MacKenzie,  793. 
Skidegate  member,  Jurassic,  British  Columbia: 

Clapp,  227. 
Smitbfleld  limestone,  pre-Cambrian,  Rhode  Island 

and  Massachusetts:  Warren  and  Powers,  1256. 
Smith  Point  formation,  Cambrian,  Newfoundland: 

Van  Ingen,  1222. 
Snake  Hill  formation,   Ordoviclan,  New  York: 

Cushfaig  and  Ruedemann,  290. 
Sobrante  sandstone,  Miocene,  California:  Lawson, 

T24. 
Sodus  member,  Silurian,  Ontario:  Williams,  1303. 
Sodus  shale,  Silurian,  New  York:  Schuchert,  1054. 
Solen  limestone,  Devonian,  Iowa:  Keyes,  657. 
Solon  tcrrane,  Devonian,  Iowa:  Keyes,  661. 
Somerville  slates.   Carboniferous,   Massachusetts: 

Lahee,  702. 
Sooko    formation,    Miocene,    British    Columbia: 

Clapp,  227. 
Sooke  gabbro,  Oligocene,  British  Columbia:  Cooke, 

276. 
Sooke  intrusives,  post-Eocene,  British  Columbia: 

Clapp,  227. 
Soudan  formation,  Archean,  Minnesota:  Grout  and 

Soper,  502. 
Soultan  series,  pre-Cambrian,  Lake  Superior  region: 

Keyes,  662. 
Southgate,  Ordovician,  Indiana:  Cumings  and  Gal- 
loway, 295. 
Spann  limestone  member.  Mississippian,  Kentucky: 

Munn,  869. 
Spence   Bridge  volcanic  group,  Jura-Cretaceous, 

British  Columbia:  Drysdale,  369. 
Spergen  terrane,  Carboniferous,  Iowa:  Keyes,  661. 
Split-rock  terrane,  pre-Cambrian,  Iowa:   Keyes, 

661. 
Sprout  Brook  limestone,  New  York:  Fettke,  420. 
Squantum   slates.   Carboniferous,   Massachusetts: 

Lahee,  704. 
Squantum   tillite.   Carboniferous,   Massachusetts: 

Lahee,  702;  Sayles,  1034. 
StalTord  limestone,  Devonian,  New  York:  Hough- 
ton, 577;  Luther,  775. 
Stanton  terrane,  Carboniferous,  Iowa:  Keyes,  661. 
Star  Peak  formation,  Triassic,  Nevada:  Schrader, 

1048. 
Staten  Lsland  Mrpcntine,  pre-Cambrlan,  New  York: 

Berkey  and  Healey,  79. 
Steep  Rock  series,  pre-Cambrian,  Ontario:  Miller 

and  Knight,  848. 
Stephen  formation,  Cambrian,  British  Columbia: 

Allan,  5,  6. 
Sterling   granite-gneiss,    Rhode   Island:  Loughlin 

and  Ilechinger,  767. 
Stillwater  formation,  Tertiary,  Alaska:  Fisher  and 

Calvert,  422. 
Stockbridire  dolomite,  Cambrian  and  Ordoviclan, 

New  York:  Fuller,  441. 
Stockton  formation,  Trlasslo,  Now  Jersey:  Bayley 

el  a/.,  66. 


Stockton  shales.   Carboniferous,   West   Virginia: 

Krebs  and  Teets,  697. 
Stonehouse  formation,  Silurian,  Nova  Scotia:  Wil- 
liams, 1300. 
Stonewall  limestone,  Silurian,  Manitoba:  Kindle, 

676. 
Stonewall  series,  Silurian,  Manitoba:  MacLean  and 

Wallace,  796. 
Stony   Mountain  group,    Ordovician,   Manitoba: 

MacLean  and  Wallace,  796. 
Striped  Peak  formation,  Algonkian,  Idaho  and 

Montana:  Calkins  and  Jones,  192. 
Sudbury  series,  pre-Cambrian,  Canada:  Coleman, 

262. 
Sudbury  series,  pre-Cambrian,  Ontario:  Coleman, 

264;  Collins,  269;  MUler  and  Knight,  848. 
Sunbury  shale,  Carboniferous,  Ohio  and  Kentucky: 

Morse  and  Foerste,  867. 
Sundance  formation,  Jurassic,  Wyoming:  Bamett, 

39,  41;  Hewett,  534. 
Supai  formation.  Carboniferous,  Arizona:  Noble, 

880. 
Supai  formation,  Carbonifwous  (Pennsylvanian), 

Arizona:  Hill,  539. 
Superioric  period,  pre-CambriflSh,  Lake  Superior 

region:  Keyes,  662. 
Sutton    formation,    Jurassic,    British    Columbia: 

Clapp,  223. 
Sutton  limestones,  Jurassic  and  Triassic?,  British 

Columbia:  Clapp,  227;  Clapp  and  Cooke,  230. 
Sweetland  Creek  shale,  Devonian,  Illinois:  Cady, 

185. 
Sylvania  formation,  Silurian,  Michigan:  Sherzer, 

1081;  Smith,  1108. 
Sylvania  sandstone,   Silurian,   Ontario:  Stauffer, 

1123. 
Tapeats  sandstone,  Cambrian,  Arizona:  Hill,  538; 

Noble,  880. 
Teapot  sandstone  member.  Cretaceous,  Wyoming: 

Bamett,  39. 
Tejon,  Eocene,  CaUfmnia  and  Oregon:  Arnold  and 

Hannibal,  22. 
Tejon,  Tertiary,  California:  Dickerson,  340, 
Tejon  formation,  Eocene,  California:  Arnold  and 

Garflas,  21;  Lawson,  724;  Waring,  1254. 
Tejon  formation.  Tertiary,  California:  Pack  and 

English,  903. 
Tejon  group,  Eocene,  California:  Dickerson,  341. 
Tejon  group.  Tertiary  (Eocene),  California:  Dick- 
erson, 339. 
Temblor  group.  Neocene,  California:  Anderson  and 

Martin,  18. 
Temescal  formation.  Recent,  California:  Lawson, 

724. 
Temlskamian,  pre^ambrian,  Ontario:  Miller  and 

Knight,  848. 
Temiskaming  series,  pre-Cambrian,  Ontario:  Mil- 
ler and  Knight,  848. 
Temiskaming.    See  al»o  Timlskaming. 
Temple  Bar  conglomerate,  Quaternary,  Arizona: 

Blanchard,  96. 
Tennossean  series:  Keyes,  661 . 
Texada  formation,  Jurassic?,   British  Columbia: 

McConnell,  782. 
Thayer  tcrrane.  Carboniferous,  Iowa:  Keyes,  661 . 
Thaynes  limestone,  Triassic,  Idaho:  Richards  and 

Mansfield,  09.'). 
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Thajmes  llmeatoDe,  Trlaasic,  Wyomixig:  SchuIU, 
1058. 

Theresa  formation,  Cambrian,  New  York:  Gushing 
and  Ruedemann,  296. 

Thomaaton  granite,  New  York:  Fettke,  420. 

ThortAd  member,  Silm-ian,  New  York  and  Ontario: 
Schuchert,  1054. 

Thorold  member,  Silurian,  Ontario:  Williams,  1303. 

TIce  shale,  Miocene,  California:  Lawson,  724. 

Tichenor  limestone,  Devonian,  New  York:  Hough- 
ton, 577;  LuthCH*,  775. 

Timlskaming  series,  pre-Cambrian,  Ontario:  Bur- 
rows and  Hopkins,  164. 

Timlskaming  series,  pre^ambrian,  Canada:  Cole- 
man, 262. 

Timlskaming  series,  iH«-Cambrian,  Quebec:  C(4e- 
man,  264. 

Tlndir  group,  Cambrian,  Alaska  and  Yukon: 
Caimes,  186. 

Tindir  group,  Cambrian  or  pre-Cambrian,  Alaska 
and  Yukon:  Caimes,  187. 

Tindir  group,  pre-Cambrian7,  Yukon  and  Alaska: 
Caimes,  188. 

Tipton  terrane,  pre-Cambrian,  Iowa:  Keyes,  661. 

Tokun  formation,  Tertiary,  Alaska:  Fisher  and  Cal- 
vert, 422. 

Tombigbee  sand  member.  Cretaceous,  Oulf  States: 
Stephenson,  1128. 

Tombigbee  sand  member,  Upper  Cretaceous,  Gcot- 
gla:  Berry,  80. 

Tonkawatla  formation,  pre-Beltian,  British  Co- 
lumbia: Daly,  306. 

Tonto  group,  Cambrian,  Arizona:  Hill,  539;  Noble, 
880. 

Torrejon  formation,  Tertiary,  New  Mexico:  Sin- 
clair and  Granger,  1093. 

Tranquille  beds,  Tertiary,  British  Columbia:  Rose, 
1016. 

Traverse  formation,  Devonian,  Michigan:  Smith, 
1106. 

Traverse  group,  Devonian,  Michigan:  Cook,  273; 
Sherzer,  1081. 

Trenton  formation,  Oxdoviclan,  Illinois:  Cady,  185. 

Trenton  group,  Ordovician,  Quebec  and  Ontario: 
Raymond,  980. 

Trenton  limestone,  Ordovician,  Michigan:  Smith, 
1106. 

Trenton  limestone,  Ordovician,  Ontario:  Johnston, 
626. 

Tribune  formation,  Mississippian,  Illinois:  Blatch- 
ley,  98. 

Trinity  group.  Cretaceous,  Texas:  Richardson,  999. 

Trout  Lake  conglomerate,  pre-Cambrian,  Ontario: 
Coleman,  264. 

Troy  shales,  Cambrian,  New  York:  Cushhig  and 
Ruedemann,  296. 

Tshinakin  formation,  pre-Beltian,  Brit  fob  Colum- 
bia: Daly,  306. 

Tulameen  group,  Trlasslc?,  British  Columbia: 
Camsell,  197. 

Tulare  formation,  Pliocene,  California:  Pack  and 
English,  903. 

Tuilahoma  group,  Mississippian,  Tennessee:  Wadp, 
1239. 

Tuily  horlson,  Devonian,  New  York:  Houghton, 
577;  Luther,  775. 

Tully  terraxie,  Devonian,  Iowa:  Keyes,  6<jl. 


Turtle  Mountain  group,  Devonian  and  Carbonifer- 
ous, Alberta:  MacKenzie,  704. 
Tuscaloosa  formation.  Cretaceous,  Gulf  States:  Ste- 
phenson, 1128. 
Tuscaloosa    formation,    Cretaceous,    Tennessee: 

Drake,  366. 
Twin  Creek  limestone,  Jurassic,  Idaho:  Richards 

and  Mansfield,  995. 
Twin    Creek    limestone,     Jurassic,     Wyoming: 

Schultz,  1058. 
Two  Medicine  formation.  Cretaceous,  Montana: 

Stebinger,  1125, 1126. 
Two  Mile  limestones  (Ames  limestone),  Pennsj^l- 

vanian.  West  Virginia:  Krebs  and  Teets,  607. 
Tyeeporph>'rite,  Jurassic,  British  Columbia:  Clapp 

and  Cooke,  230. 
Tyee  sandstone,    Eocene,   Oregon:    Washbume, 

1257. 
Tymochtee   shales,   Silurian,   Michigan:  Sherzer, 

1081. 
Tymochtee  shales,  Silurian,  Ontario:  Staufler,  1123. 
Ufflngton  shale,  Carboniferous,   West   Virginia: 

Hennen  and  Roger,  527. 
Uinta formatton.  Tertiary,  Utah:  Douglass, 360. 
Umpqua  formation,  Eocene,  Oregon:  Washbume, 

1257. 
Umpqua  formation,  Tertiary,  Oregon:  Dickerson, 

347. 
Uncompahgre    f<MTaation,    Algonkian,   Colorado: 

Cross  and  Larsen,  290. 
Uniontown  sandstone,  Pennsylvania,  West  Vir- 
ginia: Krebs  and  Teets,  697. 
Unkar  group,  Algonkian,  Arizona:  Noble,  880. 
Utica  formation,  Ordovician,  Quebec  and  Ontario: 

Raymond,  980. 
Utica  shale  (Eden),  Ordovician,  Michigan:  Smith, 

1108. 
Uvalde  formation,  Pliocene,  Texas:  Deussen,  336. 
Valdes  formation.  Cretaceous  or  Jurassic,  British 

ColuQibia:  Caimes,  191. 
Valdec  group,  MesozoIcT,  Alaska:  Mofflt,  854. 
Vancouver  group,  Jurassic  and  Trlasslc? ,  British 

Columbia:  Clapp,  223,  225,  226,  227;  Clapp  and 

Cooke,  230. 
Vancouver  group,  Jurassic  and  Trlasslc?,  British 

Columbia:  MacKenzie,  793. 
Vancouver   volcanlcs,    British   Columbia:  Clapp, 

223. 
Vancouver  volcanlcs,  Jurassic  or  Trlasslc,  British 

Columbia:  Clapp,  225, 227. 
Vancouver  volcanlcs,  Jurassic  and  Trlasslc?,  British 

Columbia:  Clapp  and  Cooke,  230. 
Van  Horn  sandstone,  Cambrian?,  Texas:  Rich- 
ardson, 999. 
Vanport  limestone,  Carboniferous,  West  Virginia: 

Hennen  and  Roger ,  527 . 
Vaqueros  formation,  Miocene,  California:  Dicker- 
son,  341;  Pack  and  En»;lish,  903. 
Varenncsic  period,  pre-Cambrian,  Lake  Superior 

region:  Koyos,(»e2. 
Vashon  drift,  I'loistocene,  Brit ish  Columbia:  Clapp, 

22,3, 227. 
Vashon    drift,    Qiiateraary,    British    Columbia: 

Clapp,  225. 
Venli  torrane,  Carboniferous,  Iowa:  Keyes,  r»riL 
Vermont  formation,  Cambrian,  Vermont:  (rordon, 

470. 
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Vernon  red  shale,  Silurian,  New  York:  Hopkins, 
571. 

Versailles  beds,  Ordovidan,  Indiana:  Shideler, 
1082. 

Vineyard  formation,  Quaternary,  New  York:  Ful- 
ler, 441. 

Virgelle  sandstone,  Cretaceous,  Montana:  Steb- 
inger,  1125, 1126. 

Virginia  slates,  Algonkian,  Minnesota:  Grout  and 
8oper,  502. 

Vishnu  schist,  Archean,  Arixona:  Noble,  880. 

Wabana  series,  Ordovician,  Newfoundland:  Van 
Ingen,  1222. 

Wabash  stage.  Pleistocene,  Iowa:  Hay,  522. 

Waocamaw  marl,  Miocene,  South  Carolina:  Rogers, 
1013. 

Waconia  moraine,  Pleistocene,  North  Dakota: 
Simpson,  1090. 

Waits  River  limestone,  Ordovician,  Vermont: 
Dale,  300;  Richardson  and  Turner,  996;  Richard- 
son rfaj.,  997. 

Waldron  clay,  Silurian,  Tennessee:  Drake,  366; 
Wade,  1239. 

Wall  Creek(?)  sandstone  lentil,  Cretaceous,  Wyo- 
ming: Bamett,  41. 

Wall  Creek  sandstone  member,  Cretaceous,  Wyo- 
ming: Bamett,  39. 

Wamsutta  beds.  Carboniferous,  Rhode  Island  and 
Massachusetts:  Warren  and  Powers,  1256. 

Wamsutta  formation,  Permian?,  Massachusetts 
Loughlin  and  Hechinger,  767. 

Wanapitei  quartzite,  pre^ambrian,  Ontario:  Cole 
man,  2G4. 

Wanipigow  series,  pre-Cambrian,  Manitoba:  Moore, 
860. 

Wanipigow  series,  pre-Cambrian,  Ontario:  Miller 
and  Knight,  848. 

Wappinger  limestone,  Cambrian  and  Ordovician, 
New  York:  Fettke,  420. 

Wardner  formation,  Mississippian,  British  Colum- 
bia: Schofiold,  1040, 1041. 

Wardner  limestone,  Mississippian,  British  Colum- 
bia: Schofield,  1039. 

Wark  gneiss,  British  Columbia:  Clapp,  227. 

Wark  gneiss,  Jurassic,  British  Columbia:  Clapp, 
223;  Clapp  and  Cooke,  230. 

Warsaw  formation,  Mississippian,  Mssisslppi  Val- 
ley: Weller.  1270. 

Warsaw  terrane,  Carboniferous,  Iowa:  Keycs,  661. 

Wasatch  beds,  Tertiary,  Wyoming:  Granger,  485. 

Wasatch  formation.  Tertiary,  Colorado  and  Utah: 
Woodruff  and  Day,  1333. 

Wasatch  group,  Tertiary,  Wyoming:  Schults,  1068. 

Washington  fireclay  shales,  Permo-Carboniferous, 
West  Virginia:  Krebs  and  Teets,  t;97. 

Washita   group.   Cretaceous,    Texas:  Richardson, 

999. 

Watchung  basalt,  Triasssic,  New  Jersey:  Bayley 

ft  a/. ,  m. 
Waucoma  limestone,  Silurian,  Illinois  and  Iowa: 

Savage,  1031. 
Wavcrly    formation,    Mississippian,     Kentucky: 

Munn,  sm. 
Waverly  series  or  W^averllan  scries,  Carlwniferous, 

Ohio  and  Kentucky:  Morse  and  Foerste,  867. 
Waverlyan  series:  Keyes,  661. 


Wayne    formation,    Silurian,    Tennessee:  Drake 

366;  Wade,  1239. 
Wajmesburg  sandstone,  Permo-Carboniferous,  West 

Virginia:  Krebs  and  Teets,  697. 
Waynesville,  Ordovician,  Indiana:  Cuming?  and 

Galloway,  295. 
Weber     quartzite,     Pennsylvanian,     Wyoming: 

Schultz,  1058. 
Wells  formation,  Pennsylvanian,  Idaho:  Richards 

and  Mansfield,  995. 
Westervllle  limestone,  Pennsylvanian,  Iowa:  Til- 
ton,  IITO. 
West  River  shale,  Devonian,  New  York:  Hough- 
ton, 677;  Luther,  775. 
West  ITiiion  bed,  Silurian,  Ohio:  Morse  and  Foerste, 

867. 
Weymouth  formation,  Cambrian,  Massachusetts: 

Loughlin  and  Hechinger,  767. 
Whirlpool  sandstone  member,  Silurian,  New  York 

and  Ontario:  Schuchert,  1054. 
Whirlpool  member,  Silurian,  Ontario:  Williams, 

1303. 
White  River  formation,  Tertiary,  North  Dakota: 

Lloyd,  758. 
White  River  formation,  Tertiary,  Wyoming:  Bar- 

nett,  39,  41. 
Wichita  formation,  Carboniferous,  Texas:  Case,  208. 
Wichita  formation,  Permian,  Oklahoma:  Munn, 

869. 
Wilcox  formation.  Eocene,  Texas:  Deussen,  336. 
Wilkeson  formation.  Tertiary,  Washington:  Dan- 
iels, 308. 
Williamson  memb«-,  Silurian,  Ontario:  Williams, 

1303. 
Williamson  shale,  Silurian,  New  York:  Schuchert, 

1054. 
Willow  Creek  formation,  Upper  Cretaceous  or  Eo- 
cene, Montana:  Stebinger,  1124. 
Wilmore  formation,  Ordovician,  Kentucky:  Miller, 

843. 
Wilmore  member,  Ordovician,  Kentucky:  Foerste, 

427. 
Wilson  formation.  Carboniferous,  Oklahoma:  But- 

tram,  178. 
Windsor  formation,  Mississippian,  Nova  Scotia: 

Bell,  77. 
Windsor  series,  Carbonifwous,  Nova  Scotia:  Hyde, 

602. 
Windsor  series,  Mississippian,  Nova  Scotia:  Hyde, 

602. 
Winifrede  (Lower)  sandstone.  Carboniferous,  West 

Virginia:  Krebs  and  Teets,  697. 
Winifrede  (Upper)  sandstone.  Carboniferous,  West 

Virginia:  Krebs  and  Teets,  697. 
WInnipegosan    dolomite,    Devonian,    Manitoba: 

Kindle,  67r»;  Mac  Lean  and  Wallace,  796. 
Winslow  formation,  Pennsylvanian,    Oklahoma: 

Snider,  1113. 
Winston  limestone,  Silurian,  Illinois,  Iowa:  Savage, 

1031. 
Win terset  limestone,  Pennsylvanian,  Iowa:  Tilton, 

1070. 
Wisconsin  drift,  Pleistocene,  Now  Jersey:  Bayley 

et  al.,  66. 
Wisconsin  drift.  Quaternary,  New  York:  Fuller, 

44L 
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Wisconsin  stage,  Pleistocene,  Iowa:  Hay,  S22. 
Wisconsin  stage,  Pleistocene,  Maine:  Bastln  and 

Williams,  60. 
Wisconsin  terrane,  Pleistocene,  Iowa:  Keyes,  661. 
Wiscoy  shale,  Devonian,  New  York:  Houghton, 

577. 
Wiscoy  shales,  Devonian,  New  York:  Luther,  775. 
Wise  formation,  Pennsylvanian,  Virginia:  Butts. 

179, 180. 
Wissahickon  mica  gneiss,  pre-Cambrian,  Pennsyl- 
vania: Bliss  and  Jonas,  101. 
Wolcott  limestone,  Silurian,  New  York:  Schuchert, 

1054. 
Wolcott    member,  Silurian,    Ontario:    Williams, 

1303. 
Woodburn,  Ordovician,  Kentucky:  Miller,  843. 
Woodbury  shales,  Cretaceous,  Iowa:  Keyes,  655. 
Woodbury  torane.  Cretaceous,  Iowa:  Keyes,  661. 
Woodside  shale,   Triassic,  Idaho:   Richards  and 

Mansfield,  995. 
Woodside  formation,  Triassic,  Wyoming:  Schults, 

1058. 


Woodville  sandstone,  Permo-(^arbonIferoiLs?,  Michi- 
gan: Smith,  1108. 
Yakoun  volcanics,  Jurassic,  British  Columbia:  Mac- 

Keneie,  793. 
Yankeetown    formation,    Mississippiau,    Illinois: 

Weller.  1269. 
Yankeetown  formation,  Mississippian,  Mississippi 

Valley:  Weller,  1270. 
Yarmouth  stage.  Pleistocene,  Iowa:  Hay,  522. 
Yegua formation,  Eocene,  Texas:  Deussen,336. 
Yonkers  gneiss,  pre^^ambrian.  New  York:  Berkey 

and  Healey,  79. 
Yorktown  formation,  Miocene,  Virginia:  Olsson, 

889. 
Yukon  group,  pre<:;ambrian,  Alaska  and  Yukon: 

Cairnes.  186, 189. 
Yukon  group,  preOambrianf,  Yukon  and  Alaska: 

Cairnes,  187. 
Zion  Hill  quartdte,  Cambrian,  New  York:  Cushing 

and  Ruedemann,  296. 
Zuni  sandstone,  Cretaceous,  New  MexkxK  Win<- 

chester,  1324. 
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10  LUNA  COUNTY,  NEW  MEXICO. 

lion.  These  quadrangles,  named  in  order  from  southeast  to  north- 
west, are  the  Van  Horn,  Tex.  (Folio  194,  by  G.  B.  Richardson) ;  El 
Paso,  Tex.  (Folio  166,  by  G.  B.  Richardson) ;  Deming,  N.  Mex. 
(folio  by  N.  H.  Darton  in  preparation) ;  Silver  City,  N.  Mex. 
(Folio  199,  by  Sidney  Paige) ;  Clifton,  Ariz.  (Folio  129,  by  Wal- 
demar  Lindgren) ;  Bisbee,  Ariz.  (Folio  112,  by  F.  L.  Ransome) ; 
Globe,  Ariz.  (Folio  111,  by  F.  L.  Ransome) ;  and  Bradshaw  Moun- 
tains, Ariz.  (Folio  126,  by  T.  A.  Jaggar  and  Charles  Palache).  As 
these  quadrangles  are  distributed  along  a  distance  of  about  500 
miles,  much  work  remains  to  be  done  before  the  differences  in  stratig- 
raphy and  structure  between  the  severial  areas  can  be  fully  explained 
and  the  significance  of  these  differences  in  relation  to  the  general 
geologic  history  of  the  region  be  clearly  understood.  Outside  of 
its  local  resources  in  underground  water  and  some  fluorite  deposits 
of  considerable  productiveness,  Luna  County  is  not  known  to  possess 
great  mineral  wealth.  Consequently  the  present  report  and  the  Dem- 
ing folio  are  likely  to  prove  of  most  value  as  contributions  to  accurate 
knowledge  of  a  region  whose  broader  geologic  problems  possess 
exceptional  interest. 


GEOLOGY  AND  UNDERGROUND  WATERS  OF  LUNA 

COUNH,  NEW  MEXICO. 


By  N.  H.  Darton. 


INTRODUCTION. 

This  report  presents  the  results  of  an  examination  of  the  greater 
part  of  Luna  County,  in  southwestern  New  Mexico  (see  fig.  1), 
made  in  the  autumn  of  1910  and  some  supplemental  observations  in 
1911, 1912,  and  1913.  The  purpose  of  the  work  was  to  determine  the 
geologic  structure  of  the  region  and  to  procure  all  data  bearing  on 
prospects  for  obtaining  underground  water  for  domestic  use  and 
irrigation.  During  the  last  few  years  many  settlers  have  come  into 
the  county  and  taken  homesteads  in  the  broad  desert  valleys,  or 
bolsons,  with  the  expectation  of  using  underground  water  for  irriga- 
tion. They  have  been  encouraged  by  the  excellent  results  obtained 
by  several  of  the  earlier  settlers,  and  many  of  them  have  sunk  wells 
and  established  pumping  plants  with  satisfactory  prospects  for  sue- 
cessful  irrigation.  The  main  source  of  supply  is  the  widespread 
underflow  fed  by  the  scanty  rainfall  and  also  by  Mimbres  River,  a 
mountain  stream  which  normally  passes  underground  near  the  north- 
west comer  of  the  county.  This  water  has  been  accumulating  for  a 
long  time  and  now  saturatiBS  the  gravel  and  sand  deposits  under- 
lying most  parts  of  the  bolsons.  Unfortunately  the  entire  area  is 
not  underlain  by  these  water-bearing  deposits,  and  in  places  the 
water  is  too  deep  or  too  scanty  in  amount  to  be  utilized.  Therefore 
one  of  the  principal  purposes  of  the  investigation  was  to  determine 
the  extent  of  the  area  underlain  by  water-bearing  deposits,  the  depth 
to  these  deposits,  and  the  amount  of  water  available. 

The  mountains  rising  out  of  the  bolsons  of  Luna  County  exhibit  a 

great  variety  of  sedimentary  and  igneous  rocks,  in  places  containing 

mineral  deposits  that  have  been  worked  to  some  extent    Except  in 

some  notable  bonanza  "finds,"  however,  these  deposits  have  not 

proved  very  profitable. 
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LUNA  COUNTY,  NEW  MEXICO. 


TOPOGRAPHY. 

MOUNTAINS  AND  BTDOES. 

A  large  part  of  Luna  County  consists  of  a  desert  plain,  or  bolson, 
mostly  from  4,000  to  5,000  feet  above  sea  level  and  having  a  general 
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FiouBa  1. — ^Map  of  southwestern  New  Mexico  and  adjoining  region,  showing  location  of 

Luna  County. 

up  grade  to  the  west.    Kising  from  the  bolsons  at  intervals  are  nar- 
row rocky  ridges  ranging  in  length  from  2  to  20  miles  and  in  height 
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from  a  few  hundred  feet  to  nearly  2,500  feet.  The  largest  of  these 
is  Cooks  Bange  (PL  II)  and  its  outlying  ridges,  culminating  in  the 
conspicuous  high  summit  known  as  Cooks  Peak,  which  has  an  alti- 
tude of  8,408i  feet  The  Florida  Mountains  (Pis.  Ill,  IV,  A)  form 
a  short  but  very  prominent  and  rugged  range  a  short  distance  south- 
east of  Deming,  rising  to  an  altitude  of  7,400  feet,  or  2,500  feet  above 
the  bolson.  They  lie  in  line  with  Cooks  Bange,  and  not  far  south, 
on  a  continuation  of  the  same  line,  are  the  Tres  Hermanas  Mountains 
(PL  IV,  5),  which  extend  nearly  to  the  international  boundary. 
It  is  probable  that  all  these  ridges  are  portions  of  one  range  and 
have  an  underground  connection  not  far  below  the  surface  in  the 
gaps  which  separate  them.  The  Cedar  Grove  Mountains,  a  long, 
narrow  ridge  of  considerable  prominence,  cross  the  southwest  comer 
of  the  county ;  the  Carrizalillo  Hills  are  a  southern  continuation  of 
them  and  the  Klondike  Hills  an  outlying  ridge.  The  Victorio  Moun- 
tains rise  with  considerable  prominence  8  miles  south  of  Gage,  and 
the  Grandmother  Mountains  are  a  group  of  conical  peaks  7  miles 
north  of  that  place.  Still  farther  north  are  the  scattered  rocky 
buttes  of  the  Cow  Spring  Hills  with  the  conspicuous  Cow  Cone  at 
their  north  end.  Bed  Mountain  and  Black  Mountain  (PL  VII,  i?, 
p.  IS)  are  two  small  but  high  buttes  rising  on  the  south  and  north 
sides,  respectively,  of  Mimbres  Biver,  southwest  and  northwest  of 
Deming.  Taylor  Mountain  and  the  Fourmile  Hills  are  low  dome- 
shaped  areas  of  rocky  ledges  a  few  miles  west  of  Cooks  Bange.  The 
Goodsight  Mountains  form  a  high  ridge  extending  through  the 
northeast  comer  of  the  county  and  culminating  in  the  well-known 
landmark  Goodsight  Peak  (PL  V,  ^) .    The  Sierra  Bica  extends  from 

Mexico  into  the  extreme  southwest  comer  of  the  coimty,  where  it 
terminates  in  a  group  of  high  limestone  buttes.  Among  minor  hills 
and  ridges  rising  above  the  bolsons  are  the  Burdick  Hills,  west  of 
lola,  the  Snake  Hills,  southwest  of  Deming,  some  ridges  east  and 
northeast  of  Arena,  and  some  low  buttes  of  basalt  west  of  Mimbres. 
The  distribution  and  configuration  of  these  features  are  shown  on 
the  geologic  map  ^PL  I,  in  pocket),  and  further  information  regard- 
ing elevations  along  certain  level  lines  is  given  at  the  end  of  this 
report. 

BOLSONS. 

The  smooth  desert  plain  that  occupies  a  large  part  of  Luna  County 
is  part  of  a  great  plain  of  gravel  and  sand  which  extends  continu- 
ously across  southern  New  Mexico  from  the  Bio  Grande  to  and  over 
the  Continental  Divide.  Where  the  Bio  Grande  has  excavated  a 
wide  valley  300  feet  deep  the  altitude  of  this  plain  is  about  4,000 
feet,  but  at  the  Continental  Divide  south  of  Silver  City  its  altitude 
is  about  6,000  feet,  showing  a  general  up  grade  of  about  20  feet  to 
the  mile.    In  general  in  Luna  County  the  plain  rises  regularly  from 
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less  than  4,000  feet  on  the  southeast  to  5,400  feet  in  the  northwest 
comer,  an  up  grade  of  about  22  feet  to  the  mile,  but  the  slope  is  con- 
siderably greater  from  Deming  northwestward. 

From  most  points  of  view  the  plain  appears  to  be  flat  (see  PL  IV, 
A)  with  low  mounds  of  sand  or  shallow  arroyos  here  and  there.  In 
places  near  Deming  the  Mimbres  has  cut  a  trench  15  to  20  feet  deep, 
and  some  of  the  local  draws  have  steep  banks.  There  are  three  promi- 
nent rises  in  the  plain — one  constituting  a  step  200  feet  high  east  of 
Arena  and  extending  northward  across  the  southeast  comer  of  the 
county ;  one  at  the  south  end  of  the  Tres  Hermanas  Mountains  just 
east  of  Mimbres  station,  a  rise  of  333  feet;  and  the  third  in  the 
Burdick  Hills«  Toward  the  moimtains  the  gentle  slope  of  the  bol- 
son  plain  gives  place  to  a  much  steeper  grade,  due  to  a  long  alluvial 
fan,  a  feature  which  is  especially  conspicuous  around  the  Florida 
Mountains. 

Mimbres  Kiver  drains  all  of  Luna  County  except  a  small  district 
south  of  the  Cedar  Grove  Mountains  which  slopes  into  Mexico.  The 
Mimbres  is  usually  a  running  stream  at  the  north  margin  of  the 
coimty,  but  farther  south  it  flows  over  the  surface  only  when  flooded 
by  exceptional  rainfall.  Its  extreme  freshet  flow  rarely  extends  be- 
yond the  central  part  of  T.  25  S.  east  of  the  Florida  Mountains,  but 
nearly  every  year  the  water  passes  Spalding  once  or  twice,  and  not 
infrequently  it  extends  to  Deming  and  beyond.  Its  flood  period  is 
very  short,  however,  and  for  the  greater  part  of  the  year  most  of  its 
bed  is  dry  sand.    (See  PL  VI,  A,) 

An  important  affluent  is  the  San  Vicente  Arroyo  (PL  VI,  jB), 
which  joins  the  Mimbres  a  mile  south  of  Spalding  and  in  time  of 
flow  brings  a  large  volume  of  water  from  the  Silver  City  district 
Cow  Creek,  draining  an  area  of  moderate  size  in  the  Cow  Spring 
Hills,  is  a  western  branch  which  seldom  flows.  The  drainage  of 
Cooks  Bange,  the  Little  Florida  Moimtains,  and  the  east  side  and 
north  slope  of  the  Florida  Moimtains  belongs  to  the  main  Mimbres 
system,  but  it  is  rare  that  these  waters  reach  the  river  channel.  A 
line  from  Red  Mountain  to  the  White  Hills  and  the  center  of  the 
west  side  of  the  Florida  Mountains  defines  a  watershed,  south  of 
which  the  surface  slopes  into  the  valley  of  Palomas  Arroyo.  This 
arroyo  heads  in  the  slopes  and  ridges  in  the  west-central  part  of 
Luna  County  and  in  Grant  County,  and  flows  through  the  gap  at  the 
north  end  of  the  Tres  Hermanas  Mountains,  finally  emptying  into 
the  Palomas  Lakes  in  Mexico.  It  occupies  a  southern  continuation 
of  the  Mimbres  Valley,  in  the  southern  part  of  the  country.  It  flows 
only  at  times  of  freshets,  and  although  these  are  of  short  duration 
sometimes  the  volume  of  water  is  considerable. 


.    DRY  BED  OF  MIMBRES  RIVER  JUST  EAST  OF  SPALDING,  N.  HEX. 


ENTE  ARROYO  NEAR  WHITEWATER.  I 


A.    LIMESTONE  KNOBS  AT  NORTH  END  OP  SIERRA  RICA  IN  SOUTHWESTERN  CORNER  OF  I 


B.    BLACK  MOUNTAIN.  S  MILES  NORTHWEST  OF  DEMINQ,  N.  MEX. 
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CUMATE. 

The  climate  of  southwestern  New  Mexico  is  in  general  similar  to 
that  of  districts  of  similar  altitude  in  a  wide  district  extending  from 
western  Texas  to  the  southwestern  part  of  California.  The  winters 
are  mild,  and  although  the  summers  are  decidedly  hot  the  air  is  so 
dry  that  the  heat  is  much  more  endurable  than  the  sultry  summer 
weather  of  the  Eastern  and  Central  States.    As  the  altitude  of  the 
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FiavBX  2.— Diagram  showing  precipitation  at  Qage,  Doming,  and  Cambray,  N.  Max. 

greater  part  of  the  bolson  area  ranges  from  4,000  to  5,000  feet,  the 
heat  is  much  less  than  in  the  lower  lands  of  the  Southwest.  The 
principal  rainy  season  is  in  July,  August,  and  September.  The  rain- 
fall is  moderate,  averaging  slightly  less  than  10  inches  a  year  in  the 
lowlands.  On  the  higher  ridges  the  amount  is  much  greater,  for 
many  rains  and  snows  fall  on  the  high  areas  when  there  is  no  precipi- 
tation in  the  adjoining  desert  valleys.    The  region  lies  outside  of  the 
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normal  storm  track  extending  across  the  central  United  States,  and 
in  consequence  the  weather  is  much  more  uniform  than  in  regions 
farther  north  and  east.  On  nearly  800  days  in  a  year  there  is  sun- 
shine for  the  greater  part  of  the  day,  and  storms  of  long  duration  are 
rare. 

The  following  tables  give  the  monthly  and  annual  precipitation  at 
Gage,  Deming,  Cambray,  and  Colmnbus,  and  figure  2  shows  the 
annual  and  average  monthly  precipitation  at  the  first  three  points. 
The  data  are  taken  from  the  reports  of  the  United  States  Weather 
Bureau. 

Precipitation,  in  inches,  at  Deming,  JV.  Mew,,  1882-1911. 


Year. 

Jan. 

Feb. 

Har. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

Annual. 

1882 

a76 
.10 
.80 
.00 
.68 
.00 
.26 

1.09 
.63 
.40 
.45 
.19 
.05 
.50 
.60 

1.56 
.75 
.05 
.66 
.40 
Tr. 
.49 
.00 

1.53 
.66 

1.42 
.64. 
Tr. 
.00 
.77 

LOO 
.00 
.70 
.76 
.50 
.20 

1.77 
.10 
.00 
.53 
.86 
.59 
.66 
.15 
Tr. 
.20 
Tr. 
Tr. 
.46 

1.87 
Tr. 
.86 
.00 

2.06 
.63 
.08 
.31 

1.03 
.00 

1.40 

aso 

1.77 
.20 
.52 
.00 
.00 
.24 
.12 
.00 
.64 

L34 
.42 
.45 
.00 
.00 
.42 

1.42 
.00 
.74 
.11 
Tr. 

1.00 
.00 

2.15 
.56 
.06 
.18 
.51 
.19 
.67 

0.00 
.00 
.20 
.00 
.00 
.00 
.50 
.06 
.13 
.00 
.10 
.00 
.00 
Tr. 
.20 
.00 
.30 
.00 
.00 
Tr. 
.00 
.00 
.00 
1.87 
.10 
.19 
.94 
.00 
.02 
.38 

0.00 
.00 
.00 
.77 
.00 
.00 
.70 
.00 
.00 
.48 
.00 

1.45 
.00 
.58 
.00 
.00 
.00 
.00 
.10 

Tr. 

.20 

.13 

.00 

.00 

.05 

.39 

.03 

.00 

.00 

.00 

0.43 
.10 
.00 
L33 
.00 
.00 
.60 
.90 
.16 
.14 
.90 
.01 
.00 
.25 
.15 
.50 
Tr. 
Tr. 
Tr. 
Tr. 
.00 
3.32 
.60 
1.05 
.00 
.35 
.06 
.02 
.43 
.90 

1.22 

2.95 

.52 

1.38 

1.13 

2.02 

1.08 

1.09 

4.09 

.18 

.20 

2.82 

.65 

3.76 

4130 

2.89 

1.66 

3.92 

2.40 

.98 

.91 

.01 

1.57 

.90 

1.98 

3.18 

1.18 

.40 

.96 

7.13 

2.66 

1.41 

1.04 

.81 

4.19 

3.46 

.60 

.64 

2.20 

1.20 

.39 

4.38 

.95 

.35 

1.95 

1.41 

1.73 

.78 

.06 

.90 

1.61 

.40 

1.58 

1.25 

2.96 

1.96 

1.01 

1.68 

1.02 

.30 

a  52 

.53 

.80 

.09 

4.36 

3.39 

.00 

3.55 

2.26 

.80 

.08 

2.64 

Tr. 

.00 

2.00 

1.87 

.21 

.54 

3.10 

.05 

.36 

2.84 

4,16 

2.74 

.64 

2.40 

.00 

.88 

.80 

i.n 

0.00 

1.32 

1.53 

.28 

.50 

2.13 

1.60 

.84 

.47 

.00 

1.21 

.00 

.45 

.15 

3.25 

1.57 

.00 

Tr. 

.20 

.75 

.01 

.00 

.80 

.32 

.02 

.41 

.00 

.89 

.00 

1.30 

1.54 
.30 
.54 
.50 
.00 
.31 
1.45 
.80 
.42 
.00 
1.80 
.06 
.00 
.90 
.25 
.00 
.10 
.45 
.04 
.31 
.27 
.00 
.64 
2.72 
1.34 
1.26 
Tr. 
.00 
.00 
.00 

0.20 
.88 

1.35 
.91 
.00 
.05 
.27 
.00 

1.25 
.18 
.60 
.10 
.36 
.15 
.00 
Tr. 
.60 
Tr. 
.03 
Tr. 

1.30 
.05 

1.18 

.  Vo 

1.83 
.00 
.13 
.70 
.00 
.42 

&71 

1883 

9.36 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

7.68 

7.34 

11.86 

11.56 

8.97 

9.18 

11.51 

4.55 

7.93 

1893 

1804 

1895 

1896 

12.66 
3.57 
6.79 

12.70 

1897 

10.41 

1898 

6.77 

1899 

5.74 

1900 

1901 

7.41 
5.37 

1902 

4.66 

1908 

9.09 

1904 

12.53 

1905 

1906 

17.59 
10.79 

1907 

11.69 

1908 

1909. 

4.50 
6.01 

1910 

3.42 

1911 

15.10 

Mean 

.53 

.53 

.49 

.18 

.18 

.59 

2.07 

1.86 

1.43 

.60 

.52 

.63 

9.70 

1908,  flnt  killing  frost  Oct.  19;  last,  Mar.  19;  23  rainy  days;  231  clear;  91  part  cloudy;  44  cloudy;  1  foot 
snow. 

1909,  first  killing  frost  Oct.  19;  last,  Apr.  23;  23  rainy  days;  230  clear;  107  part  cloudy;  28  cloudy;  10} 
inches  snow. 

1910,  first  kllUng  frost  Oct.  20;  last,  Mar.  80;  14  rainy  6a,ys;  136  clear;  136  part  cloudy;  96 cloudy;  no  snow. 

1911,  first  killing  frost  Oct.  22;  last.  Mar.  13;  40  rainy  days;  167  clear;  102  part  cloudy;  96  cloudy ;  5  inches 

Precipitation,  in  inches,  at  Oage,  N.  Mex.,  1899-1911. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Deo. 

Annual. 

1809 

a36 
.16 
.28 
.00 
.27 

Tr. 

1.60 

a20 
.35 
.90 
.30 
.20 
.00 

3.00 

0.16 
.83 
.11 
.00 
.90 
.00 

2.95 

0.12 
.15 
.00 
.00 
.00 
.00 

1.78 

Tr. 
.00 
.00 
.00 
.25 
Tr. 
.06 

aoo 

.27 
.45 
.24 
1.20 
.62 
.62 

3.40 
1.65 
3.05 
1.45 
.51 
1.16 
1.17 

1.00 

.75 
2.08 
3.02 

.72 
1.35 
2.25 

.41 
2.05 
2.15 
1.97 
1.00 

.30 

0.15 

3.13 
.30 

1.10 

2.84 
.65 

2.04 
.84 

1.31 
.31 
.45 
.06 

2.20 

a  10 
.28 

1.45 
.10 
.00 

2.00 
.44 
.00 

1.18 
.00 
.00 
.00 

1.00 

a  10 

.63 

1.00 
.52 
.00 
.55 

2.80 
.47 

1.10 
.10 
.00 

Tr. 
.00 

an 

.00 
.00 

1.30 

Tr. 

1.50 
.75 

2.40 
.00 
.70 
.45 
.00 
.72 

5.70 

1900 

1901 

1902 

1903 

1904 

1905 

8.20 
9.71 
8.03 
6.89 
7.83 
19.46 

1906 

1907 

L41 
.66 
.04 
.23 

1.06 

.11 
.22 
.15 
.00 
1.00 

.15 
.17 
1.40 
.20 
.50 

.13 
.74 
.00 
.04 
.20 

.62 
.12 
.00 
.14 
.00 

.98 
.00 

2.32 
.60 

1.30 

1.67 

1.92 

.00 

.68 

4.50 

10.71 

1908 

1909 

1910 

1911 

6.99 

7.68 

2.84 

13.38 

Mean 

.36 

.63 

.66 

.28 

.12 

•  nn 

1.96 

1.47 

1.18 

.38 

.35 

.47 

8.52 

CLIMATE. 
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Precipiiaiton,  in  inches,  at  Camhray,  N.  Me».,  1899-1911. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July.   Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1809 

ao5 

.00 
.31 
.00 
.74 
.04 
1.69 
.65 
.65 
.27 
Tr. 
.20 
.80 

Tr. 
.70 
.50 
.04 

1.55 
.10 

2.01 
.72 
.00 
.28 
.10 
.00 

1.87 

a  10 
.90 
.06 
.05 
.80 
.00 

1.02 
.60 
.00 
.00 

1.00 
.08 
.55 

0.27 
.00 
.10 
.00 
Tr. 
.02 
.55 

1.20 
.00 
.53 
.00 
.40 
.33 

aoo 

.45 
.06 
.24 
.40 
.12 
.00 
.00 
.23 
.00 
.00 
.00 
.00 

0.31 
.17 
.35 
.32 
.43 
.18 
.50 
.00 

1.15 
.00 

2.05 
.95 

1.90 

1.67 

2.02 

.67 

.09 

.82 

.76 

1.65 

1.72 

1.64 

1.40 

.79 

8.80 

a64 

.62 

.19 

1.72 

2.58 

1.19 

.50 

2.57 

.60 

3.15 

2.60 

.91 

.40 

a96 
1.78 

.37 
1.53 
1.43 
5.23 

.50 
1.39 
2.06 

.00 
1.25 

.03 
1.31 

aoo 

.10 
2.95 
.02 
.00 
1.48 
Tr. 
.00 
3.01 
Tr. 
.00 
Tr. 
.31 

0.64 

.45 

.70 

.60 

.00 

.50 

1.50 

1.38 

1.10 

.46 

Tr. 

.02 

Tr. 

a  18 

.10 
.00 

L45 
.00 

1.78 
.60 

1.28 
.00 
.10 
.60 
.00 
.66 

4.97 

1900 

6.94 

1901 

7.71 

1902 

6.64 

1903 

8.02 

1904 

1905 

11.46 
9.62 

1906 

11.44 

1907 

10.51 

1908 

1009 

6.42 
9.00 

1910 

1911 

3.38 
11.28 

Mean 

.36 

.61 

.40 

.26 

.11       .59 

1 

1.46 

1.34 

1.37 

.61 

.56 

.80 

8.10 

Precipitation,  in  inches,  at  Coltimhus,  N.  Mea^,,  1910-11. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

Aver 

age. 

mo 

a  14 

.65 

0.08 
1.03 

1.13 
.05 

ao9 

.23 

a  01 
.00 

2.34 

.81 

a64 
5.19 

1.17 
.09 

0.35 
1.81 

ao8 

.50 

a  19 
.21 

Tr. 

.97 

6.61 

1911 

11.54 

1910,  first  klllfng  frost  Oct.  21;  last.  Mar.  30;  rainy  days,  20;  dear  days  227;  partly  cloudy,  42;  cloudy,  90. 

1911,  first  killing  frost  Oct.  22;  rainy  days  34;  clear  days  208;  partly  cloudy,  70;  cloudy,  92. 

The  mean  monthly  and  annual  temperatures  of  Luna  County  are 
much  more  uniform  than  the  rainfall.    The  hottest  month  is  June 
in  some  years  and  July  or  August  in  other  years.     December  is 
usually  the  coldest  month.    The  following  tables  are  taken  from  the  c 
records  of  the  United  States  Weather  Bureau :  • 

Monthly  and  annual  temperatures,  in  degrees  Fahrenheit,  at  Denting,  N.  Mew., 

1908-1911. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1908 

41.8 
45.8 
43.0 
43.3 

43.6 
43.0 
44.8 
43.2 

52.6 
48.2 
57.2 
61.9 

56.4 
6&6 
58.0 
67.2 

64.4 
64.0 
70.3 
65.8 

76.6 
78.6 
78.0 
76.1 

72.2 
81.2 
80.6 
76.7 

72.6 
74.4 

7&6 
78.6 

70.3 
70.2 
76.2 
72.7 

66.2 
62.5 
62.3 
62.6 

46.7 
52.0 
51.7 
45.2 

41.9 
37.0 
42.8 
33.4 

57.9 

1909 

69.6 

1910 

62.0 

1911 

59.1 

Mean 

59.6 

Monthly  and  annual  temperatures,  in  degrees  Fahrenheit,  at  Oage,  N.  Mex,, 

1908-^1911. 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1906 

42.4 

47.4 
43.3 
46.0 

44.7 
44.4 

46.8 
45.0 

53.8 
60.0 
56.8 
56.0 

66.8 
68.7 
60.8 
57.8 

63.8 
68.8 
69.6 
67.4 

74.2 
78.6 
78.2 
76.9 

77.9 
79.6 
81.1 
75.2 

76.3 
75.7 
7&8 
79.4 

7a6 
T0.O 
72.4 
76.6 

64.9 
65.1 
66w7 
6a2 

46.4 
61.4 
61.6 
44.2 

4a5 
37.0 
43.4 
85.0 

68.5 

1909 

61.8 

1910 

62.4 

1911 

50.8 

M^-n 

6a6 

.  .  1 
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GEOIiOGY. 

GENEBAL  BELATIONS. 

In  southwestern  New  Mexico  there  is  a  thick  succession  of  sedi- 
mentary rocks  ranging  from  Cambrian  to  Recent  in  age  and  lying 
on  pre-Cambrian  granite,  which  appears  in  some  of  the  hills  and 
mountains.  There  are  also  many  kinds  of  later  igneous  rocks — 
porphyries,  latites,  andesites,  rhyolites,  and  basalts — some  of  them 
surface  flows  and  others  intruded  among  the  sedimentary  rocks. 
The  wide  smooth-surfaced  valleys  known  as  bolsons  are  filled  with 
sand,  clay,  and  gravel,  in  places  overflowed  by  sheets  of  relatively 
young  basaltic  lava.  The  older  sedimentary  rocks  are  in  wide- 
spread sheets,  but  they  are  considerably  flexed  and  faulted  and 
appear  in  scattered  ridges  rising  out  of  the  bolsons.  They  comprise 
a  basal  sandstone  of  Cambrian  age,  two  limestones  of  the  Ordovician, 
a  thin  representative  of  the  Silurian,  black  shale  of  the  Devonian, 
two  great  limestones  representing  the  Mississippian  and  Pennsyl- 
vanian  epochs  of  the  Carboniferous  period,  a  formation  of  shale  and 
limestone  of  unknown  equivalence,  but  tentatively  regarded  as  of 
possible  Triassic  age,  representatives  of  the  early  and  later  Creta- 
ceous, and  thick  bodies  of  sands,  clays,  and  gravels  of  Quaternary  age. 
Tertiary  time  appears  to  have  produced  a  great  succession  of  igneous 
rocks,  partly  in  thick  accumulations  of  agglomerate,  tuff,  and  ash 
and  thin  sheets  of  various  kinds  of  lavas.  Much  of  this  material 
underlies  the  bolsons.  Some  portions  of  geologic  time  are  not  repre- 
sented by  known  deposits  in  the  region,  notably  the  earlier  Cambrian, 
Jurassic,  and  possibly  the  Triassic,  also  portions  of  the  Ordovician, 
Silurian,  Devonian,  Carboniferous,  and  Cretaceous.  The  Mississip- 
pian and  Devonian,  which  are  prominent  in  the  northern  part  of 
Luna  County  and  adjoining  regions,  are  absent  to  the  south,  but  this 
is  the  only  important  notable  local  variation  in  the  succession.  The 
general  distribution  of  the  formations  is  shown  on  Plate  I  (in 
pocket),  and  their  names,  general  character,  thickness,  and  classifica- 
tion are  given  in  the  following  table : 


PRE-OAMBBIAN  BOCKS. 
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Sedimentary  formations  in  Luna  County,  N,  Mex, 


Bystam. 

Beriea. 

Formation. 

Thick- 

ness 

(feet). 

Character. 

Qaatemary. 

Bolson  deposits. 

1,6«5± 

Sand,  clay,  and  gravel. 

Tertiary. 

Agglomerate. 

2,000+ 

Fragmental  volcanic  materials, 
in  part  water-laid,  and  sand  ana 
gravel.  Igneous  sheets  at  in- 
tervals. 

• 

Upper  CraCaoeous. 

Colorado  shale. 

900+ 

Gray  shale  with  impure  thin 
limestone  and  sandstone  layers. 

• 
Cretaoeoiu. 

Comaacbe  (Lower 
Cretaoeons). 

Barten  sandstone. 

300 

Hassive  gray  sandstone,  in  part 
quartzitic. 

Limestone  of  Coman- 
che age. 

(MOO 

Gray  limestones,  mostly  slabby, 
and  sandy  shale. 

TrlaasieCr). 

Lobo  formation. 

05^600 

Reddish  shale,  impure  limestone, 
and  conglomerate. 

Oym  limestone. 

ao-1,000 

Gray  limestones,  some  dark,  in 
pwt  bieociated;  dark  shale 
member. 

CarbooUBfous. 

ICagdalena  formation. 

(MO 

Bhale  and  slabby  limestone. 

ICiniaBippian. 

Lake  Valley  limestone. 

0-700 

Light-gray  limestone  with  shale 
members;  chert  at  top. 

Deronitti. 

Upper  Devonian. 

Percha  shale. 

175 

Black  shale. 

Sflurian. 

Fosselman  limestone. 

100-300 

Massive  gray  limestone. 

OxxiovlcJaii. 

Upper  Ordovician. 

Montoya  limestone. 

300 

Gray  limestones  with  thfek  chert 
members;  dark  limestone  at 
base. 

Lower  Ordovician. 

El  Paso  limestone. 

500-800 

LIght«ray    limestones,    mostly 

Cambrian. 

Upper  Cambrian. 

Bliss  sandstone. 

30-200 

Sandstone  and  sandy  shale;  glan 
oonitio. 

Fre^^ambrlan. 

Granite. 

THE  BOGBS. 


FBE-CAMBBLAN  ROCKS* 


GENERAL  CHABACTEB. 


The  general  basement  of  Luna  County  consists  of  pre-Cambrian 
crystaUine  rocks,  which  appear  at  the  surface  in  several  areas  of 
small  extent.  They  are  overlain  unconf ormably  by  the  sedimentary 
rocks,  the  contact  showing  an  irregularly  eroded  surface  of  granite, 
which  is  the  prevailing  rock  in  the  outcrop  areas.    Its  age  is  not 
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known,  except  that  it  is  pre-Cambrian.  Some  portions  of  the  granite 
are  gneissic,  and  in  places  it  includes  syenitic  and  porphyritic  masses 
and  hornblende  dikes  of  unknown  age. 

DISTRIBITnON. 

The  most  extensive  exposures  of  granite  are  in  the  Florida  Moun- 
tains, which  consist  largely  of  that  rock.  It  appears  also  in  the  north 
end  of  Cooks  Range,  in  small  areas  on  the  slopes  south  and  north  of 
Fluorite  Ridge,  and  as  a  very  small  outcrop  in  the  midst  of  the  Klon- 
dike Hills.  The  area  in  the  Florida  Mountains  is  nearly  30  square 
miles  in  extent,  and  here  the  rock  constitutes  peaks  and  ridges  reach- 
ing  an  altitude  of  7,000  feet,  or  2,500  feet  above  the  adjoining  bolson. 
This  large  granite  area  is  terminated  on  the  north  by  a  fault,  but 
the  rock  reappears  just  west  of  Capitol  Dome  and  extends  north- 
ward along  the  foot  of  the  range  for  a  mile  to  another  fault  which 
carries  it  far  below  the  surface. 

BELATIONS  AND  AQE. 

The  granite  is  Algonkian  or  Archean  in  age,  but  as  its  relations 
to  the  older  rocks  are  not  exposed  there  are  no  means  of  determining 
in  which  system  it  belongs.  It  is  all  of  igneous  origin  and  part  of 
one  great  mass  except,  possibly,  a  small  amount  of  rock  of  gneissic 
and  dioritic  character  which  may  be  projections  or  inclusions  of  an 
older  complex.  It  is  overlain  imconformably  by  the  Bliss  sandstone, 
of  Upper  Cambrian  age,  and  the  contact  shows  the  usual  features 
of  shore  deposition  without  sign  of  metamorphism  in  the  sandstone 
or  change  of  texture  in  the  granite.  At  several  places  the  granite 
adjoins  higher  sedimentary  rocks,  but  these  contacts  are  faults.  On 
the  slope  2  miles  south  of  Gym  Peak  the  granite  is  so  intricately 
faulted  that  it  appears  to  include  and  to  penetrate  the  upper  beds 
of  the  Gym  limestone,  but  the  limestone  is  not  metamorphosed  and 
the  granite  retains  its  coarse  grain  up  to  the  contact  and  shows  evi- 
dence of  crushing;  the  relations  indicate  a  complex  overthrust.  In 
the  Pony  Hills  the  granite  is  brought  into  contact  with  the  Sarten 
sandstone,  probably  by  faulting,  but  possibly  by  overlap. 

A  dike  of  amphibolite  outcrops  in  the  slopes  a  short  distance  south 
of  Capitol  Dome  and  diorite  appears  at  several  places  along  the  west 
slope  of  the  Florida  Mountains.  Both  of  these  rocks  appear  to  be  of 
pre-Cambrian  age.  Some  small  masses  of  rock  of  porphyritic  char- 
acter in  the  granite  areas  may  be  younger  intrusives.  In  the  eastern 
part  of  the  pre-Cambrian  area  west  of  Fluorite  Camp  there  is  a  mass 
of  diorite  which  is  penetrated  by  light-colored  granite  and  finally 
gives  place  to  that  rock  in  the  slopes  farther  west.  Well-developed 
gneiss  occurs  in  large  angular  fragments  in  a  coarse  breccia  which 
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lies  in  the  south  slopes  of  this  same  ridge  half  a  mile  northwest  of 
Fluorite  Camp.  This  breccia  lies  on  the  limestones  and  porphyry 
and  appears  to  have  been  brought  up  by  a  local  explosion  or  by  the 
porphyry  intrusion.  The  principal  rock  in  the  small  outcrop  in  the 
IClondike  Hills  is  typical  gneiss,  and  part  of  the  rock  in  the  basin 
north  of  Fluorite  Sidge  is  distinctly  banded. 

FBTBOGBAPHT. 
By  John  L.  Rich. 

Most  of  the  granite  is  a  massive,  coarse-grained,  pale  reddish  to 
light  greenish-gray  rock  weathering  into  rugged  forms  of  brownish 
aspect.  Local  variations  in  color  and  texture  are  subordinate  fea- 
tures. It  has  a  uniform  mineral  constitution,  consisting  essen- 
tially ^f  feldspar,  quartz,  chlorite,  and  iron  oxides,  but  in  general 
the  granite  of  the  Florida  Mountains  contains  a  larger  proportion 
of  soda  feldspars  than  that  farther  north.  The  predominating  granite 
in  the  Florida  Mountains  near  Capitol  Dome  (PL  III,  B^  p.  13)  and 
to  the  south  is  light  pink  and  of  medium  to  coarse  texture.  It  con- 
sists almost  entirely  of  microperthite  and  quartz,  the  former  slightly 
in  excess.  The  quartz  crystals  show  strain  and  are  somewhat  shat- 
tered. The  original  existence  of  a  small  amount  of  mica  is  indicated 
by  characteristic  outlines  now  filled  with  iron-stained  chloritic  aggre- 
gates.   Accessory  minerals  are  magnetite,  apatite,  and  zircon. 

The  granite  of  the  Florida  Mountains  presents,  in  areas  of  small 
extent,  some  local  variations  from  the  type  described  above.  South 
of  Capitol  Dome,  for  instance,  a  gray,  rather  fine  grained,  slightly 
porphyritic  granite  diffei's  from  the  type  ^principally  in  having  a 
markedly  finer  texture  and  apparently  a  greater  proportion  of 
quartz.  A  pinkish  granite  occurring  south  of  The  Park  differs  from 
the  type  only  in  having  a  higher  proportion  of  quartz.  The  red  color 
of  this  rock,  as  well  as  of  most  of  the  granite  of  the  Florida  Moun- 
tains, is  due  in  part  to  staining  by  hematite,  which,  as  a  product  of 
the  decomposition  of  the  femic  minerals,  has  spread  into  the  cleavage 
cracks  of  the  feldspar  and  into  the  fracture  planes  of  the  quartz 
crystals. 

In  external  appearance  the  granite  from  the  north  end  of  Cooks 
Bange  closely  resembles  the  massive  pinkish  rock  just  described  as 
typical  of  the  Florida  Mountain  localities.  It  differs,  however,  in 
having  the  albite  in  the  form  of  separate  crystals  rather  than  as 
microperthite.  It  has  an  even  granular  texture  of  medium  coarse- 
ness with  crystals  averaging  2  to  5  millimeters  in  diameter.  It  is 
composed  essentially  of  quartz,  microcline,  a  subordinate  amount  of 
albite,  scattered  crystals  of  andesine,  and  a  greenish-brown  biotite. 
The  quartz  in  some  crystals  shows  incipient  granulation.  In  the 
granite  of  Fluorite  Bidge  the  albite  and  orthoclase  are  in  separate 
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crystals,  but  otherwise  the  rock  is  closely  similar  to  that  of  the 
Florida  Mountains.  The  granite  of  the  Pony  Hills,  north  and  north- 
west of  Fluorite  Itidge,  is  mostly  light  pinkish  to  gray  and  has  a 
moderately  coarse  texture. 

The  granite  of  the  Klondike  Hills  differs  slightly  from  the  others. 
Two  varieties,  both  having  well-developed  gneissic  banding,  are  dis- 
tinguished. The  first  is  a.biotite  granite  of  strong  red  color  and 
coarse  texture;  the  second  is  distinctly  porphyritic,  having  white 
phenocrysts  of  albite  oligoclase  lying  in  a  dark  medium-grained 
matrix  of  quartz,  albite,  and  green  biotite.  It  contains  considerable 
epidote. 

Portions  of  the  granite  on  the  slope  south  of  Capitol  Dome  are 
gneissic.  At  one  place  a  fine-grained  light-gray  granitic  or  aplitic 
gneiss,  composed  almost  entirely  of  quartz  and  feldspar  (orthoclase 
and  albite),  with  very  subordinate  ferromagnesian  minerals,  has 
distinct  gneissic  banding  revealed  by  the  stringing  out  of  the  few 
dark  constituents.  A  typically  granitic  rock  with  pronounced 
gneissic  banding  is  found  in  large  fragments  in  the  breccia  on  the 
limestone  and  porphyry  on  the  south  slope  of  Fluorite  Bidge.  Its 
color  is  gray  with  a  pink  to  purplish  tinge ;  its  texture  medium,  with 
feldspars  reaching  a  maximum  length  of  3  millimeters.  A  somewhat 
similar  gneissic  granite  of  dull-gray  color  and  slightly  finer  grain 
occurs  in  places  in  the  Pony  Hills,  north  of  Fluorite  Ridge.  A 
third  notable  variety  crops  out  on  the  lower  slopes  of  the  ridge  half 
a  mile  southwest  of  Fluorite  Camp,  about  500  yards  south  of  the 
breccia  just  mentioned.  It  is  bright  red  and  of  medium,  even 
granular  texture,  with  banding  only  slightly  developed,  though  the 
microscope  reveals  strong  granulation  of  the  quartz.  As  noted  on 
a  preceding  page,  part  of  the  granite  of  the  Klondike  Hills  is 
gneissic. 

Although  the  gneissic  granites  just  described  differ  somewhat  in 
color,  texture,  and  the  extent  of  banding  and  granulation,  they  are 
closely  similar  in  composition  and  doubtless  of  the  same  age. 

Part  of  the  granite  at  the  foot  of  Fluorite  Ridge,  southwest  of 
Fluor  mine,  has  a  marked  green  color  and  is  notably  porphyritic. 
Phenocrysts  of  pink  orthoclase  as  much  as  2  centimeters  in  length 
by  1  centimeter  in  width  are  embedded  in  a  granular  matrix  of 
albite,  biotite,  and  quartz.  Granulation  of  the  quartz  and  a  string- 
ing out  of  the  mica  flakes  indicate  that  the  rock  has  been  subjected 
to  slight  dynamic  disturbance. 

The  granitic  mass  of  the  Florida  Mountains  include  some  light- 
gray  rocks  differing  considerably  from  the  normal  pink  granite. 
These  outcrop  in  the  slopes  west  of  Arco  del  Diablo  and  also  in  the 
pass  east  of  The  Park,  in  the  central  portion  of  the  Florida  Moun- 
tains.   They  are  either  local  developments,  intrusions  into  the  ordi- 
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nary  pinkish  granite,  or,  possibly,  irregular  dikes  of  post-Cambrian 
age.  They  are  moderately  coarse  grained,  the  crystals  averaging 
about  1  centimeter  in  diameter.  Fresh  specimens  have  a  slaty  blue  to 
drab  color  and  weather  yellowish  brown.  They  are  composed  almost 
entirely  of  feldspar  and  quartz,  the  quartz  always  in  small  amounts 
but  varying  considerably  in  specimens  from  different  localities.  The 
feldspars  are  sodic,  anorthoclase  and  albite  predominating.  At  the 
Window  Mountain  mine,  southwest  of  Arco  del  Diablo,  is  a  finer- 
grained  phase  which  has  a  higher  quartz  content  and  a  considerable 
proportion  of  potash  feldspar.  A  closely  similar  rock  is  associated 
with  the  gneissic  granite  just  south  of  Capitol  Dome. 

The  more  siliceous  types  of  the  rocks  cutting  or  included  in  the 
granite  of  the  Florida  Mountains  approach  sodic  granite  porphyries 
in  character,  while  some  of  the  more  basic  rocks  are  related  closely 
to  the  typical  quartz  monzonite  porphyries.  All  are  moderately 
dark,  with  a  greenish-gray  cast.  White  phenocrysts  of  feldspar  as 
much  as  15  millimeters  in  length,  mostly  albite,  lie  embedded  in  a 
darker  fine-grained  groundmass  of  orthoclase,  albite,  and  oligoclase 
in  varying  amounts,  green  hornblende,  in  part  at  least  derived  from 
augite,  and  biotite.  In  addition  to  the  usual  accessory  minerals 
there  is  a  little  pyrite. 

Dark,  heavy  rocks  of  two  or  three  kinds  are  found  in  the  granite 
at  several  places  in  the  Florida  Mountains  and  about  Fluorite  Bidge. 
The  most  numerous  are  dikes  of  amphibolite  which  traverse  the 
granite  south  and  west  of  Capitol  Dome.  These  rocks  are  moder- 
ately fine  grained  and  are  composed  essentially  of  green  hornblende, 
together  with  a  small  amount  of  albite  and  a  little  quartz. 

On  the  lower  slopes  half  a  mile  southwest  of  Fluorite  Camp  a  rock 
of  similar  character  is  associated  with  the  granite  and  probably 
cut  by  it.  The  rock  is  almost  black,  with  lighter  bands  of  feldspar. 
The  texture  varies  in  different  bands,  the  crystals  of  some  reach- 
ing a  diameter  of  1  centimeter.  Green  hornblende  predominates, 
and  the  feldspar  ranges  from  oligoclase  to  andesine.  More  or  less 
gneissic  banding  is  developed  in  most  of  these  rocks. 

In  the  granite  at  Capitol  Dome  is  a  dike  or  included  mass  of 
porphyritic  diorite  with  phenocrysts  of  white  labradorite  as  much  as 
8  millimeters  in  diameter  set  in  a  dense  dark-green  to  black  fine- 
textured  groundmass  of  diabasic  character. 

CAMBRIAN  SYSTEM. 

BLISS  SAJIDSTOHS. 

DISTRIBUTION  AND  BELATI0N8. 

At  the  base  of  the  Paleozoic  succession  in  Luna  County  there  is  a 
sandstone  that  stratigraphically  and  lithologically  so  closely  re- 
sembles the  Upper  Cambrian  Bliss  sandstone,  of  the  El  Paso  region, 
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that  the  name  Bliss  is  here  applied  to  it.  Its  thickness  ranges  from 
150  to  200  feet  in  most  of  the  area,  but  in  places  it  is  considerably 
less.  In  the  Florida  Mountains  the  formation  crops  in  the  lower 
slopes  west  of  Capitol  Dome,  in  the  cliffs  east  of  The  Park,  and  in  the 
long  slope  just  north  of  Gym  Peak.  In  the  slope  west  of  Capitol 
Dome  the  sandstone  is  exposed  for  a  mile,  lying  on  granite.  It  dis- 
appears under  the  bolson  at  the  south  and  is  cut  off  by  a  fault  to 
the  north.  The  exposures  east  of  The  Park  are  less  than  a  mile  in 
length,  and  their  continuity  is  interrupted  by  faulting  and  talus. 
In  some  of  the  outcrops  northwest  of  Gym  Peak  the  sandstone  ap- 
pears to  be  absent  locally,  but  possibly  in  places  this  apparent  absence 
is  due  to  faulting.  In  the  long  outcrop  down  to  the  slope  and  spurs 
north  of  Gym  Peak  the  sandstone  is  well  exposed,  extending  north- 
ward to  the  draw,  where  it  is  finally  cut  out  by  a  fault.  In  Fluorite 
Bidge  the  nearly  vertical  beds  of  sandstone  lie  against  the  granite 
but  apparently  are  separated  by  a  fault  of  small  throw  a  short  dis- 
tance west  of  Fluorite  Camp.  In  the  north  end  of  Cooks  Eange  the 
Bliss  sandstone  rises  gradually  out  of  the  bolson  on  the  west  side, 
caps  the  ridge  for  a  short  distance,  and  is  cut  off  by  the  fault  on  the 
east  side.  In  the  Klondike  Hills  there  is  a  small  exposure  of  the 
sandstone  separating  granite  from  the  El  Paso  limestone,  but  ap- 
parently it  is  cut  off  by  a  slight  fault  on  the  west  side  of  the  granite 
area.  It  is  thin  at  this  locality  and  may  possibly  thin  out  at  one  or 
two  places. 

The  Bliss  sandstone  consists  mainly  of  gray  to  brown  sandstone, 
in  part  quartzitic,  in  members  30  to  40  feet  thick  separated  by  sandy 
shale.  In  Cooks  Range  and  Fluorite  Eidge  and  near  Capitol  Dome 
the  upper  beds  are  slabby  sandstone  and  sandy  shale  with  inter- 
calated thin  limy  beds.  Some  of  the  sandy  shale  contains  a  large 
amount  of  green  glauconite  in  disseminated  grains,  a  feature  char- 
acteristic of  some  of  th^  Cambrian  rocks  in  other  regions.  The 
basal  contact  is  well  exposed  in  the  area  west  of  Capitol  Dome, 
in  the  Florida  Mountains,  where  coarse  sandstone  lies  on  the  slightly 
uneven  eroded  surface  of  the  coarse-grained  pinkish  granite.  The 
basal  beds  are  arkosic  and  pebbly,  and  their  material  is  evidently 
derived  from  the  granite.  Similar  conditions  are  exposed  east  of 
The  Park  and  north  of  Gym  Peak.  At  its  top  the  sandstone  gives 
place  abruptly  to  the  El  Paso  limestone  without  discernible  evidence 
of  erosional  unconformity  to  represent  the  time  interval  which  is 
believed  to  exist  between  the  two  formations. 

AOE  AND  COBBELATION. 

No  fossils  were  found  in  the  formation  in  Luna  County,  but  the 
Bliss  sandstone,  which  has  the  same  character  and  the  same  relative 
position  in  the  type  locality  in  Franklin  Mountains,  near  El  Paso, 
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Tex.,  contains  a  few  Upper  Cambrian  fossils.  Its  character  and 
relations  also  indicate  that  it  is  the  same  as  the  ''  Shandon  '^  sand- 
stone of  central  New  Mexico  and  the  basal  sandstone  of  the  Silver 
City  region. 

ORDOVICIAN   SYSTEM. 
OLASBXnCATIOV. 

In  Luna  County  the  Ordovician  system  comprises  an  extensive 
succession  of  limestones  ranging  in  age  from  Beekmantown  (early 
Ordovician)  to  Richmond.  Portions  of  Ordovician  time,  however, 
apparently  are  not  represented  by  deposits,  so  that  there  are  uncon- 
formities between  the  formations.  On  the  basis  of  lithology,  fossils, 
and  stratigi*aphic  position  the  lowest  limestone  series  has  been  cor- 
related with  the  El  Paso  limestone  of  the  El  Paso  quadrangle  and  the 
upper  series  has  been  correlated  with  the  Montoya  limestone  of  that 
quadrangle.  In  Fluorite  Kidge  and  the  Florida  Mountains  it  is 
difficult  to  separate  the  upper  beds  of  the  Montoya  from  the  Fussel- 
man  limestone,  which  is  of  Silurian  age.  Therefore  these  two  lime- 
stones are  mapped  together  on  Plate  I. 

EL  PABO  LmSSTOHE. 
DISTRIBUTION    AND    CHARACTER. 

The  El  Paso  limestone  appears  at  the  surface  at  several  widely 
separated  localities  in  Lima  County.  It  is  conspicuous  in  the  north- 
em  part  of  Cooks  Range,  in  several  areas  in  the  Florida  Mountains, 
in  the  east  end  of  Fluorite  Bidge,  in  the  Snake  Hills,  and  in  the 
Klondike  Hills. 

It  consists  mainly  of  gray,  slabby  limestone  and  dolomitic  lime- 
stone from  500  to  800  feet  thick.  This  limestone  begins  at  the  top 
of  the  Bliss  sandstone  and  terminates  abruptly  at  the  base  of  the 
Montoya  limestone  without  notable  discordance  of  dip.  Portions 
of  the  El  Paso  limestone  are  slightly  cherty,  and  some  beds  contain 
considerable  sand  or  cky,  but  these  are  minor  features.  Pale- 
reddish  elongated  blotches  on  the  bedding  planes  are  characteristic 
of  most  beds,  and  the  slabby  bedding  and  light  tint  are  also  dis- 
tinctive of  the  formation.  Several  of  the  exposures  in  the  Florida 
Mountains  exhibit  all  the  beds  of  the  formation,  but  in  Fluorite 
Ridge  some  portions  appear  to  be  crushed  out  or  faulted  down. 
Small  outcrops  of  the  upper  part  of  the  formation  appear  at  the 
west  end  of  the  two  ridges  west  of  The  Park.  The  section  west  of 
Capitol  Dome  is  complete  with  the  Bliss  sandstone  below  and  the 
Montoya  limestone  above  the  El  Paso,  the  formation  having  a  thick- 
ness of  about  800  feet  and  cropping  out  along  the  slope  for  about  a 
mile.  This  area  is  terminated  at  the  north  by  a  cross  fault  that 
brings  down  agglomerate  and  at  the  south  by  a  fault  that  brings  up 
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the  granite.  The  rocks  are  mostly  the  typical  light-gray,  slabby 
limestone  in  beds  2  to  6  inches  thick,  in  part  dolomitic  and  containing 
a  small  amoimt  of  chert,  but  the  basal  beds  for  about  140  feet  are 
more  massive  and  darker  than  at  other  places.  The  exposures  east  of 
The  Park  on  the  summit  and  western  slope  6f  the  Florida  Moun- 
tains show  about  700  .feet  of  beds  lying  on  the  Bliss  sandstone  and 
capped  by  the  Montoya  limestone  or  Gym  limestone.  To  the  south 
these  beds  are  cut  off  by  granite  brought  up  by  the  great  cross  fault, 
and  other  smaller  faults  break  the  continuity  of  the  exposures.  The 
rocks  here  are  similar  to  those  at  Capitol  Dome,  but  the  dark  basal 
bed  is  absent.  The  formation  is  exposed  extensively  in  the  northern 
slope  of  Gym  Peak  ridge  and  in  the  outlying  ridges  on  the  north, 
underlying  the  Montoya  limestone  and  cut  off  by  several  faults.  Here 
its  thickness  appears  to  be  fully  800  feet,  and  possibly  more,  notably 
in  one  long  section  of  nearly  vertical  beds  on  the  north  side  of  the 
draw,  slightly  more  than  a  mile  northwest  of  the  peak.  A  small  mass 
is  faulted  against  the  granite  just  north  of  the  road  half  a  mile  east 
of  Byer  Spring.  In  the  slopes  a  mile  southeast  of  that  spring  the 
formation  includes  a  thick  mass  of  chalcedony,  apparently  due  to 
local  replacement  of  some  of  the  limestone,  and  other  similar  masses 
crop  out  along  a  fissure  in  the  slopes  east  of  The  Park. 

The  El  Paso  limestone  constitutes  the  central  and  eastern  por- 
tions of  the  ridge  of  rounded  knobs  known  as  the  Snake  Hills,  south- 
west of  Deming.  (See  fig.  11,  p.  88.)  The  strata  here  dip  at  low 
angles,  and  the  total  thickness  of  beds  exhibited  is  not  more  than 
700  feet.  The  lowest  beds  exposed  at  the  east  end  of  the  ridge  are 
made  up  of  typical  slabby  light-gray  limestone.  These  are  overlain 
abruptly  by  the  dark-colored  massive  limestone  at  the  base  of  the 
Montoya. 

The  El  Paso  limestone  crops  out  for  nearly  a  mile  in  the  high 
knob  just  west  of  Fluorite  Camp,  but  the  beds  here  are  nearly  ver- 
tical and  the  outcrop  zone  is  very  narrow.  The  Bliss  sandstone  is 
in  contact  with  the  limestone  on  the  south  anH  the  Montoya  limestone 
on  the  north,  and  the  intervening  ledges  of  El  Paso  limestone  meas- 
ure only  400  feet  in  thickness  at  the  east  end  of  the  ridge  and  some- 
what less  at  the  west  end.  This  small  thickness  is  probably  due  to 
faulting  and  crushing  along  a  plane  or  planes  parallel  to  the  obvious 
fault  between  the  Bliss  sandstone  and  the  pre-Cambrian  granite. 

The  outcrop  of  the  El  Paso  limestone  near  the  north  end  of  Cooks 
Range  is  on  the  summit  and  the  western  slopes,  where  the  beds 
appear  in  regular  order  between  the  Bliss  sandstone  and  Montoya 
limestone  in  a  succession,  dipping  gently  to  the  south-southeast.  The 
thickness  is  about  600  feet,  and  the  rocks  have  the  characteristics 
which  they  present  in  other  localities. 
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The  El  Paso  limestone  constitutes  a  large  part  of  the  Klondike 
Hills,  where  it  lies  on  the  Bliss  sandstone  and  is  overlain  by  sand- 
stone at  the  base  of  the  Montoya  limestone.  Its  thickness  here  is 
about  650  feet,  and  the  beds  present  the  characteristic  light-gray 
color,  slabby  bedding,  and  pale-reddish  markings  on  many  of  the 
bedding  planes. 

FOSSn.S  AND  CORBELATION. 

Fossils  are  scarce  in  the  El  Paso  limestone,  but  those  collected  just 
west  of  Capitol  Dome,  in  Fluorite  Ridge,  near  Gym  Peak,  in  the 
ridges  east  and  west  of  The  Park,  in  the  Snake  Hills,  and  in  the 
Klondike  Hills  suffice  to  indicate  its  approximate  age.  These  fossils 
were  examined  by  E.  O.  Ulrich  and  Edwin  Kirk,  who  found  that  most 
of  them  are  a  species  of  Ophileta,  of  Beekmantown  or  early  Ordo- 
vician  age. 

Fossils  found  in  the  upper  beds  in  the  center  of  the  Snake  Hills 
were  identified  by  Mr.  Kirk  as  Dalmanella  cf.  />.  pogompensis 
H.  and  W.  and  Hormotoma  sp.  On  the  west  slope  of  the  Gym 
Peak  were  found,  also  in  the  upper  beds,  Strophomena  near  S. 
nemea  H.  and  W.,  Hormotoma  sp.,  and  Trochonema  sp.  The 
brachiopods  are  close  to  forms  described  from  the  upper  part  of 
the  Pogonip  limestone  of  the  Eureka  and  White  Pine  districts  in 
Nevada  and  indicate  late  Beekmantown  or  possibly  early  Chazyan 
age.  On  the  evidence  of  fossils,  close  similarity  in  rocks,  and  strati- 
graphic  relations  there  is  no  difficulty^in  correlating  the  formation 
with  the  El  Paso  limestone  of  the  type  locality  in  the  Franklin 
Mountains  near  El  Paso,  Tex.  It  also  represents  the  greater  part 
of  what  Gordon  has  called  the  Mimbres  limestone  of  the  region 
north  of  Luna  County,  but  Gordon's  Mimbres  includes  also  the 
Fusselman  and  Montoya  limestones. 

KOVTOTA  LnEEBTONS. 

OCCURRENCE. 

The  Montoya  limestone  crops  in  the  northern  part  of  Cooks  Eange, 
in  the  northern  and  central  parts  of  the  Florida  Mountains,  in  the 
Victorio  Mountains,  in  the  Klondike  Hills,  and  in  the  Snake  Hills. 
In  all  these  areas  the  rocks  are  light-gray  slabby  limestone  with 
highly  fossiliferous  layers,  a  large  amount  of  chert,  and  at  the 
bottom  a  dark-colored  massive  limestone  or  sandstone.  The  chert 
is  a  characteristic  feature  and  gives  considerable  prominence  to  the 
outcrops.  It  occurs  mostly  in  thin  beds  alternating  with  layers  of 
limestone,  and  the  greater  part  of  it  is  in  two  thick  members,  with 
purer  limestones  above  and  below.  The  thickness  of  the  formation 
varies  somewhat,  but  the  average  amoimt  is  near  300  feet.    As  the 
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upper  limit  of  the  formation  is  not  distinct  in  part  of  the  area  and 
the  outcrop  zones  are  narrow,  the  Montoya  and  Fusselman  lime- 
stones are  not  separated  on  the  geologic  map  (PI.  I,  in  pocket). 

The  largest  area  in  the  Florida  Mountains  are  the  three  masses 
extending  nearly  across  the  range  at  The  Park  and  Gym  Peak, 
where  the  outcrop  zone  is  repeatedly  brought  up  by  the  faults.  There 
the  Montoya  limestone  lies  on  the  El  Paso  limestone,  but  some  of  the 
faults  bring  it  into  contact  with  granite  and  other  formations,  and  at 
several  places  the  Gym  limestone  lies  directly  on  its  eroded  surface. 
Elsewhere  it  is  overlain  by  the  Fusselman  limestone,  but  the  plane 
between  the  two  formations  is  diflScult  to  discern.  On  the  west  side 
of  the  summit  the  Montoya  limestone  crops  out  in  irregular  cliffs 
facing  west,  and  a  long  exposure  crosses  the  ridge  just  north  of 
Gym  Peak.  Other  outcrops  appear  in  ridges  west  of  The  Park, 
and  there  is  an  outlier  along  the  fault  a  mile  southeast  of  Byer 
Spring.  In  this  region,  as  elsewhere,  cherty  ledges  are  conspicuous 
features  at  two  horizons,  and  the  massive  dark  limestone  occurs  at  the 
base. 

The  small  mass  of  Montoya  limestone  in  the  slope  west  of  Capitol 
Dome  is  overlapped  unconformably  by  the  Lobo  formation  to  the 
east,  north,  and  south.  Here  145  feet  of  the  formation  was  meas- 
ured, comprising  a  40- foot  cherty  member  at  the  top,  30  feet  of  dark 
sandy  limestone  and  25  feet  of  cherty  limestone  in  the  middle,  and 
50  feet  of  dark  massive  limestpne  at  the  base. 

The  Montoya  limestone  constitutes  part  of  the  limestone  ridge 
extending  north  from  Cooks  Peak.  It  rises  from  beneath  the  bolson 
at  a  point  about  a  mile  north  of  the  main  road  forks,  west  of  the 
mountain,  and  reaches  the  summit  some  distance  farther  north,  where 
it  is  cut  off  by  the  great  fault.  The  thickness  of  the  beds  at  this 
place  is  about  250  feet,  and  the  limits  of  the  formation  are  well 
defined,  as  the  overlying  Fusselman  limestone  is  distinctive  in  ap- 
pearance. The  top  member  consists  of  60  feet  of  light-colored  slabby 
limestones  with  6  feet  of  very  f ossiliferous  beds  at  the  base.  This  is 
underlain  by  150  feet  of  limestones  with  numerous  thick  and  thin 
cherty  layers,  followed  by  a  basal  member  40  feet  thick  of  dark-gray 
massive  limy  sandstone  lying  on  El  Paso  beds. 

The  formation  is  extensively  exposed  in  the  high  knob  and  ridge 
of  the  western  half  of  the  Snake  Hills,  beginning  a  short  distance 
west  of  the  main  road.  At  the  base  is  the  usual  dark-colored  mas- 
sive limestone.  This  is  overlain  by  very  cherty  limestone  with  al- 
ternating layers  of  purer  limestone.  Next  comes  30  feet  of  massive 
dark-gray  sandy  limestone  giving  rise  to  low  cliffs  and  grading  up 
into  a  purer,  partly  massive  limestone  which  weathers  to  a  dirty 
olive  tint;  then  a  60-foot  member  of  alternating  layers  of  chert  and 
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limestone,  with  fossils;  and  at  the  top,  capping  the  highest  butte  on 
the  ridge,  a  thick  mass  of  very  cherty  rock.  The  thickness  of  beds 
classed  as  Montoya  is  300  feet,  and  they  extend  to  the  bolson  on  either 
side  and  to  the  west  without  indication  of  the  Fusselman  limestone. 

The  formation  is  prominent  in  the  hill  west  of  Fluorite  Camp  on 
account  of  its  conspicuous  thick  cherty  layers.  The  beds  dip  steeply 
to  the  north,  and  are  cut  off  by  a  fault  to  the  east.  (See  fig.  10,  p.  86.) 
At  the  base  is  a  dark-colored  massive  limestone,  as  at  other  places. 
This  is  followed  by  cherty  limestone,  with  the  chert  mostly  in  thin 
layers.  Next  above  are  finer  slabby  gray  limestones  with  many  fos- 
sils, and  still  higher  is  a  thick  body  of  highly  cherty  limestone.  At 
the  top  is  50  feet  of  massive  limestone  of  unknown  age,  possibly  Fus- 
selman, extending  to  or  from  a  small  fault  which  cuts  the  section  in 
this  vicinity  and  drops  the  Percha  shale  and  associated  beds  for 
some  distance.  A  short  distance  to  the  southeast  there  are  several 
small  but  prominent  ridges  consisting  of  thick  bodies  of  massive 
chert  apparently  replacing  a  limestone,  presumably  the  Montoya, 
but  as  it  is  nearly  surrounded  by  porphyry^  and  displaced  by  faults 
its  relations  could  not  be  ascertained. 

The  high  buttes  and  east  end  of  the  Klondike  Hills  consist  of  the 
Montoya  limestone.  (See  fig.  14,  p.  92.)  The  beds  dip  east  at  a  low 
angle  and  the  outcrops  are  repeated  by  one  or  more  cross  faults. 
The  basal  member  is  dark-gray  sandstone  6  to  8  feet  thick  lying  on 
a  slightly  irregular  surface  of  the  El  Paso  limestone.  It  is  followed 
by  30  to  40  feet  of  dark  massive  sandy  limestone,  as  in  other  areas, 
and  this  gives  place  abruptly  to  the  typical  cherty  beds  of  the  Mon- 
toya limestone.  There  are  two  or  possibly  three  cherty  members, 
mostly  alternations  of  thin  beds  of  chert  and  pure  olive-gray  lime- 
stones with  intervening  layers  of  slabby  gray  limestone  containing 
abundant  fossils. 

In  the  Victorio  Mountains  the  Montoya  limestone  constitutes  the 
north,  east,  and  west  slopes  of  Mine  Hill,  and  the  outcrop  extends 
northwestward  along  the  lower  southern  slopes  of  the  range,  as 
shown  in  figure  9  (p.  84 j.  The  strata  in  Mine  Hill  dip  to  the  south  at 
low  angles,  and  about  300  feet  of  beds  are  exposed,  but  in  the  slopes 
on  the  west  they  dip  to  the  north  and  are  overlapped  by  or  faulted 
against  the  Gym  limestone.  The  basal  beds  are  covered  by  bolson 
deposits  in  the  gap  north  of  Mine  Hill,  and  the  beds  exposed  in  this 
hill  are  mostly  dark-gray  limestone  with  thick  chert  layers  and  in- 
tercalated light-colored  beds  containing  many  fossils  of  the  Rich- 
mond fauna. 

It  is  difficult  to  separate  the  Montoya  from  the  overlying  Fussel- 
man on  Mine  Hill,  and  apparently  the  Fusselman  is  absent  in  the 
ridges  to  the  west. 
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F068ILS  AND  COBBELATION. 

The  Montoya  limestone  contains  numerous  fossils  in  considerable 
variety  and  in  excellent  state  of  preservation.  The  following  species 
have  been  identified  by  E.  O.  Ulrich  in  material  collected  northwest 
of  Cooks  Peak,  near  Gym  Peak,  in  Fluorite  Ridge,  in  the  Klondike 
Hills,  and  in  slopes  a  mile  northwest  of  the  Victorio  mining  camp : 
Eurydictya  cf.  E.  nwntifera;  Dinorthis  mbquadrata^  Plectorthis 
whitfieldi,  Hehertella  occidentalism  Dalmanella  cf.  Z>.  meeki^  Dal- 
manella  near  Z>.  jugoaa^  Platystrophia  acutUirata  var.,  Strophomena 
cf.  S.  suhtenta^  Rafinesquina  loxorhytis  W.  and  S.,  Leptcena  unicos- 
tata^  Plectambonitea  saxea^  Rht/nchonella  anticostiensis  (argenr- 
turhica  White)  ^RhyTbchotrema  capaoe^  Zygospira  recurvirostris^  Cyr- 
todonta  sp.,  Vanuxemia  sp.,  and  Bumastus  sp. 

In  beds  between  the  two  cherty  members  on  the  limestone  knob 
west  of  Fluorite  Camp  were  obtained  Strophomena  cf.  S.  suhtenta 
Conrad,  Platystrophia  cf.  P.  acutUira  Conrad  var.,  Rhynchotrema 
perlamellosa  Whitfield,  and  Streptelasma  rusticium  Billings.  These 
fossils  are  characteristic  of  the  Bichmond  fauna,  which  occurs  in 
various  portions  of  the  Rocky  Mountain  region.  No  fossils  were 
collected  from  the  basal  dark  massive  bed. 

The  paleontologic  and  lithologic  evidence  is  ample  for  correlating 
the  beds  in  Luna  County,  here  designated  Montoya  limestone,  with 
the  Montoyo  limestone  in  the  type  locality  in  the  Franklin  Moimtain 
region  south  of  El  Paso,  Tex. 

SILURIAN  SYSTEM. 

FTTSSELXAV  ZJXEBTOVE. 
DI8TBIBUTI0N  AND  CHARACTER. 

The  Fusselman  limestone  crops  out  at  several  localities  in  Luna 
County.  One  of  the  most  notable  exposures,  on  account  of  its 
fossils,  is  on  the  south  slope  of  Mine  Hill,  at  Victorio  mining  camp, 
and  the  formation  is  a  conspicuous  feature  in  the  series  of  limestones 
in  the  ridge  at  the  north  end  of  Cooks  Range.  It  overlies  the  Mon- 
toya limestone  in  most  of  the  Gym  Peak  area  and  in  the  ridge  north- 
west of  Fluorite  Camp,  but  it  is  much  less  characteristic  at  these 
places.  In  Cooks  Range  the  typical  rock  is  massive  limestone  of 
gray  color  and  exceptionally  hard,  compact  texture,  about  200  feet 
thick,  and  it  is  the  source  of  most  of  the  lead,  silver,  and  zinc  ores. 
There  it  is  overlain  by  the  Percha  shale.  The  thickness  at  Victorio 
and  other  places  is  difficult  to  determine  because  of  lack  of  dis- 
tinctive features  defining  the  limits  of  the  formation.  It  constitutes 
the  south  slope  of  Mine  Hill.  Near  Gym  Peak  and  The  Park  the 
dark  slabby  limestone  above  the  Montoya  yielded  a  few  fragments  of 
corals  believed  to  be  of  Silurian  age,  but  the  rocks  do  not  closely 
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resemble  the  Fusselman  limestone  of  other  areas.  Moreover,  the 
Percha  shale  is  absent,  so  there  is  great  difficulty  in  separating  the 
Fusselman  from  the  Gym  limestone,  which  lies  miconformably  on 
the  older  limestones  in  this  area.  The  conditions  are  somewhat 
similar  west  of  Fluorite  Camp,  for  although  the  Percha  shale  is 
present  the  succession  is  cut  by  a  fault  of  undetermined  amoimt 
which  lifts  the  supposed  Fusselman  into  contact  with  the  Lake 
Valley  limestone. 

FOSSILS  AND  COBBELATION. 

In  the  Cooks  Peak  district  and  near  Silver  City  the  Fusselman 
limestone  contains  large  numbers  of  a  distinctive  Pentamerus,  and 
in  the  south  side  of  Mine  Hill,  in  the  Yictorio  Mountains,  it  carries 
corals  as  follows:  HelioUtes  megctatoma^  HeliolitesI  sp.  (very  small 
corallites  like  LyeUa  pueUa  Davis) ,  Favosites  cf .  F.  veimatus,  Favo- 
sites  sp.  (closely  septate,  cells  larger  than  in  F.  venustus)^  Cyatho- 
phyllum  cf.  C.  radicvla^  Heliophyllum  sp.,  Halysitea  catervidatus 
(large  and  small  varieties),  and  Syringopora  sp.  This  is  also  an 
orthoid  suggesting  RhipidomeUa  hybrida.  These  were  determined 
by  E.  O.  Ulrich,  who  states  that  they  represent  a  Silurian  zone 
hitherto  practically  unrecognized  in  the  Southwest.  It  probably  cor- 
responds to  the  late  Niagaran  of  the  Mississippi  Valley  and  is 
slightly  yoimger  than  the  dolomitic  Silurian  containing  Pentamerus 
in  Cooks  Range.  Mr.  Ulrich  says :  "  The  only  other  occurrence  of  a 
similar  coral  fauna  in  the  far  West  known  to  me  is  that  described 
by  Dr.  Kindle,  who  found  it  in  southeastern  Utah."  On  the  basis  of 
lithology,  stratigraphic  position,  and  fossils,  these  rocks  in  Luna 
County  are  correlated  with  the  Fusselman  limestone  of  the  type 
locality  in  the  Franklin  Mountains,  near  £1  Paso,  Tex. 

DEVONIAN  SYSTEM. 
PEBOHA  8KALE. 

A  mass  of  black  fissile  shale  lying  between  the  Fusselman  limestone 
and  the  Lake  Valley  limestone  in  Cooks  Range  lithologically  re- 
sembles and  is  believed  to  represent  the  Percha  shale,  of  which  the 
type  locality  is  in  the  Lake  Valley  mining  district,  not  far  north. 
No  fossils  were  found,  but  the  character  of  the  material  and  its 
stratigraphic  relations  make  the  correlation  reasonable.  A  small 
mass  of  similar  shale  a  short  distance  north  of  Fluorite  Camp  is 
also  believed  to  be  the  Percha  shale.  In  Cooks  Range  the  thickness 
is  about  175  feet  and  the  rock  is  a  uniform  black  shale  of  moderate 
hardness  separating  into  thin,  brittle  layers.  It  crops  out  extensively 
along  the  limestone  slopes  on  both  sides  of  the  range  northwest  of 
Cooks  post  office,  and  there  are  two  smaller  exposures  2  miles  east 
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and  3  miles  southeast  of  Cooks  Peak.  The  southern  of  these  ex- 
posures lies  between  porphyry  and  the  overlying  Lake  Valley  lime- 
stone. The  shale  is  conspicuous  along  the  road  up  the  mountain  at 
Cooks  post  office,  where  it  overlies  the  ore-bearing  Fusselman  lime- 
stone. Its  outcrop  extends  through  the  gap  over  which  this  road 
passes  and  far  down  the  hollow  on  the  west  slope  of  the  range.  It 
appears  again  between  the  Fusselman  and  Lake  Yalley  limestones 
north  of  the  road  on  the  west  side  of  the  ridge,  and  its  outcrop  ex- 
tends up  the  slope  to  the  northeast  and,  passing  over  the  summit,  is 
finally  cut  off  by  the  great  fault  on  the  east  slope.  (See  fig.  3,  p,  70.) 
In  Fluorite  Ridge  there  are  two  small  exposures  a  short  distance 
northeast  of  Fluorite  Camp,  but  they  extend  only  a  short  distance 
and  are  terminated  by  faults  and  porphyry.  Here  the  shale  lies  in 
regular  order  under  the  Lake  Valley  limestone,  but  is  separated  from 
the  Fusselman  and  Montoya  limestones  by  faults.  The  Percha  shale 
appears  to  be  absent  in  the  Florida  and  Victorio  mountains.  Some 
black  shale  cropping  out  a  mile  south  of  Gym  Peak  closely  resembles 
it  in  appearance,  but  seems  to  be  included  in  a  regular  succession  of 
beds  of  the  Gym  limestone ;  possibly,  however,  it  is  cut  off  by  over- 
lap or  faulting.  Some  dark  shale  overlies  the  Lake  Valley  limestone 
1|  miles  southwest  of  Cooks  post  office,  but  it  contains  numerous 
Pennsylvanian  fossils. 

CARBONIFEROUS  SYSTEM. 
CLASSIFICATION. 

In  Luna  County  the  Carboniferous  system  is  represented  by  por- 
tions of  the  Pennsylvanian  and  Mississippian  series,  apparently 
separated  by  a  hiatus  of  considerable  amount,  and  it  is  probable  that 
in  each  series  there  is  not  a  complete  sequence  of  the  sediments  which 
appear  in  other  regions.  There  is  also  an  overlap  of  the  higher  lime- 
stone toward  the  south,  for  in  the  Florida  and  Victorio  mountains 
the  later  Carboniferous  rocks  lie  directly  on  the  Ordovician  lime- 
stones, and  the  Mississippian  and  the  earlier  Pennsylvanian,  or 
Magdalena,  appear  to  be  absent.  The  later  Pennsylvanian  or  Man- 
zano  group  is  represented  by  a  thick  limestone  formation,  and  a  still 
younger  formation,  here  separated  as  the  Lobo  and  tentatively  as- 
signed to  the  Triassic  (?),  may  possibly  represent  the  upper  part 
of  the  Manzano. 

LAKE  VALLEY  LI1CE8T0HE. 
DISTBIBUTION    AND    CHABACTEB. 

The  Lake  Valley  limestone  consists  of  rocks  that  are  mostly  of 
light-gray  color  and  have  massive  to  slabby  bedding.  Some  limy 
shales  are  included  between  the  more  massive  bodies  of  limestone, 
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and  at  two  localities  dark  shale  members  reach  a  thickness  of  nearly 
100  feet.  The  thickness  in  the  Cooks  Range  is  between  600  and  700 
feet,  but  the  formation  thins  to  the  south  and  is  absent  in  the  Florida 
and  Yictorio  mountains.  / 

The  most  extensive  exposures  of  the  Lake  Valley  limestone  in  Luna 
County  are  in  Cooks  Range,  where  they  constitute  high  ridges  with 
prominent  cliffs,  nearly  encircling  the  Cooks  Peak  igneous  masses. 
Here  the  formation  consists  largely  of  gray  limestone  of  light  color 
and  slabby  bedding,  lying  on  the  Percha  shale,  except  locally,  where 
there  has  been  intrusion  of  porphyry. 

Most  exposures  in  this  region  show  a  succession  of  massive  cliffs 
of  limestone  80  to  100  feet  high  separated  by  slopes  of  softer  limy 
shale.  The  basal  member  consists  of  150  feet  of  bluish-gray  lime- 
stone with  some  chert  in  its  lower  portion.  Next  above  is  50  feet 
of  shale  with  layers  of  limestone,  mostly  very  fossiliferous.  The 
limestone  constitutes  the  crest  of  the  mountain  west  of  Cooks  post 
office  and  extends  for  some  distance  northward.  In  some  places  it  is 
overlain  by  the  Lobo  formation,  and  in  others  it  is  cut  off  by  faults 
or  porphyry  intrusions.  It  is  extensively  exposed  in  the  deep  can- 
yons 2  miles  south  of  Cooks  Peak,  where  the  Percha  shale  is  overlain 
by  450  feet  of  limestone  in  three  massive  cliffs  separated  by  steep 
slopes  of  limy  shale.  The  upper  cliff  marks  the  outcrop  of  a  body 
of  hard  limestone  about  100  feet  thick,  which  is  overlain  by  the  beds 
indicated  in  the  following  section : 

Section  of  upper  members  of  Lake  Valley  Um^tone,  Oym  limestone,  and  Lobo 
formation  in  Cooks  Range  just  north  of  latitude  Si""  SO'  N. 

Liobo  formation:  Peet. 

Conglomerate  with  limestone  matrix 30 

Shale,  red 50 

Conglomerate 10 

Gym  limestone: 

Limestone,  nodule-bearing 5 

Limestone,   blue 20 

Conglomerate,  some  red  Jasper 5 

Lake  Valley  limestone: 

Limestone,  cherty 3 

Limestone,  gray  (Mississippian  fossils) 3 

Conglomerate  or  breccia  of  white  chert 10 

White  chert  with  crinoid  stems 20 

The  white  chert  lies  on  the  massive  limestone  above  mentioned 
and  is  a  conspicuous  bed  in  the  ridges  about  Cooks  Peak.  The 
nodule-bearing  limestone,  blue  limestone,  and  jasper-bearing  con- 
glomerate represent  the  Gym  limestone,  for  the  upper  beds  yield 
distinctive  Manzano  fossils  on  the  west  slope  of  the  range.  'On  the 
slopes  southwest  of  Cooks  Peak  the  cherty  member  is  overlain  by 
97890*— Bull.  618—16 ^3 


84  LUNA  COUNTY,  NEW  MEXICO. 

black  to  gray  shale  with  thin  impure  limestone  layers  that  yielded 
Magdalena  fossils  in  considerable  abundance,  incUcating  that  this 
formation  locally  overlies  the  Lake  Valley  limestone. 

In  the  southwest  end  of  Fluorite  Ridge,  half  a  mile  northeast  of 
Fluorite  Camp,  the  Percha  shale  is  overlain  by  a  small  thickness  of 
limestone  containing  Mississippian  fossils.  Some  of  the  relations 
at  this  place  are  shown  in  the  section  given  in  figure  10  (p.  86). 
The  beds  are  cut  off  within  a  short  distance  by  faults  and  intrusive 
porphyry.  It  has  been  stated  that  the  limestone  at  the  zinc  mine 
at  the  north  end  of  the  Tres  Hermanas  Mountains  is  of  Mississippian 
age,  but  as  the  fossils  noted  there  are  not  distinctive  of  that  epoch 
of  geologic  time  it  is  believed  more  probable  that  the  beds  belong 
to  the  Gym  limestone. 

FOSSILS  AND  CORRELATION. 

The  Lake  Valley  limestone  contains  large  numbers  of  fossils  in 
some  places,  notably  in  the  exposures  south,  east,  and  north  of 
Cooks  Peak.  A  collection  made  in  the  cliffs  4  miles  northwest  of 
Fort  Cummings  was  determined  by  G.  H.  Girty  as  follows:  Endo- 
thyra?  sp.,  Leptcena  rhomhaidalisj  Productus  semireticulatua^  P. 
kevicostafj  Productus  aff.  P.  buriingtonensis,  Schuchertella  sp.,  Para- 
parchites  sp.,  and  Bairdia  sp.  From  exposures  on  the  northward 
slope  of  Cooks  Peak  were  collected  Triplophyllum  sp.,  Fenestella 
sp.,  Schuchertella  chemungensisj  Productus  IcRvicosta^  Spirifer  sub- 
orbicularis?^  S.  cerUronatus^  Composita  humUis^  Rhombopora  sp., 
Cystodictya  aff.  C.  pustidosa^  and  Cladochonus  sp.  Some  of  these 
forms  were  also  collected  at  other  points  along  the  Cooks  Peak  road 
and  the  slopes  on  the  north.  These  fossils  indicate  that  the  lime- 
stone belongs  to  the  Mississippian  series  of  the  Carboniferous. 

Near  the  top  of  the  mountain  1^  miles  northwest  of  Cooks  post 
office  were  obtained  Menophyllum  sp.,  Fenestella  sp.,  RhipidomeUa 
pulchellaf^  Productus  aff.  P,  worthem^  Spirifer  centronatus^  and 
Paraparchites  sp.,  all  Mississippian  forms.  In  limestones  overlying 
the  Percha  shale,  half  a  mile  west  by  south  of  Fluorite  Camp,  were 
found  Spirifer  centronntus^  Leptama  rhomboidaliSj  Pinnatopora  sp., 
and  several  species  of  Fenestella. 

MAGDALENA  FOEXATION. 
CHARACTER  AND  OCCURRENCE. 

High  in  the  slopes  on  the  northwest  side  of  Cooks  Peak  some  dark 
shale  intervenes  between  the  nodular  limestone  of  the  Gym  limestone 
and  the  white  chert  at  the  top  of  the  Lake  Valley  limestone.  This 
shale  is  not  more  than  40  feet  thick  and  it  appears  not  to  be  of  great 
extent,  for  erosion  has  removed  most  of  the  sedimentary  rocks  in  the 
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vicinity.  It  is  of  dark-gray  color,  but  contains  layers  of  limy  shale 
and  thin  limestone,  and  in  this  respect  differs  from  the  Percha  shale 
and  the  shale  members  in  the  Lake  Valley  limestone.  Possibly  it 
occurs  in  other  portions  of  the  area,  but  in  exposures  south  and  west 
of  the  peak  chert  and  fossiliferous  beds  of  the  Gym  limestone  lie 
directly  on  top  of  the  Lake  Valley  limestone. 

FOSSILS  AND  COSBELATION. 

This  shale  contains  abundant  fossils,  which  were  determined  as 
follows  by  G.  H.  Girty :  Shombopora  sp.,  Lingulidiscina  sp.,  Derhya 
crassa^  Chanetea  mesolobus^^'Productus  semireticulatttSy  Pustula 
nehrdskensisfy  Margirdferu  muricdtaj  Pugnax  sp.,  Spirifer  cameratuSy 
S.  rockymorUarmay  Amboccelia  planiconvexa,  Aviculipecten,  2  sp., 
Acanthopecten  carbordferusy  Lima  retifercLy  Aatartella  vera,  Ed- 
mondia  aubtruncatOy  Phillipsia  aff.  P.  scitula.  This  fauna  is  regarded 
by  Mr.  Girty  as  early  Pennsylvanian  and  as  belonging  to  the 
Magdalena  group. 

GYX  LDCESTOVZ. 
DISTBIBUnON,   NAME,  AND  BELATI0N8. 

In  the  central  and  southeastern  portions  of  the  Florida  Moun- 
tains and  the  central  portion  of  the  Victorio  Mountains  and  extend- 
ing part  way  around  the  north  end  of  the  Tres  Hermanas  Mountains 
there  is  a  thick  series  of  limestones  to  which  it  is  proposed  to  apply 
the  name  Gym  limestone,  from  Gym  Peak,  where  the  formation  is 
extensively  exhibited.  The  formation  constitutes  the  summits  of  the 
high  ridges  at  and  northwest  of  Gym  Peak  and  the  two  ridges  west 
of  The  Park,  and  it  extends  down  and  along  the  east  slope  of  the 
mountain  east  of  Gym  Peak.  In  this  vicinity  the  formation  is  in 
several  large  detached  masses  capping  fault  blocks  and  cut  off  to  the 
southeast  by  the  great  fault  which  uplifts  the  granite  in  the  southern 
part  of  the  mountain.  Several  small  outlying  masses  are  intricately 
faulted  into  the  granite  in  the  lower  slopes  2  miles  south  of  Gym 
Peak.  The  thickness  of  the  formation  is  near  1,000  feet.  It  lies  on 
an  unevenly  eroded  surface  of  the  Montoya  limestone  and  in  places 
on  the  top  member  of  the  El  Paso  limestone.  In  the  Victorio  Moun- 
tains it  lies  on  or  is  faulted  against  the  Montoya  limestone,  and  in  the 
Tres  Hermanas  Mountains  it  is  uplifted  and  cut  by  the  granite 
porphyry. 

Overlying  formations  are  not  exposed  in  the  Florida  and  Tres  Her- 
manas Mountains  but  in  the  Victorio  Mountains  the  Gym  limestone 
is  overlain  by  supposed  agglomerate.  The  formation  appears  not 
to  crop  out  in  Fluorite  Ridge,  but  a  thin  representative  underlies  the 
Lobo  formation  in  Sarten  Ridge  and  along  the  flanks  of  Cooks  Range. 
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CHABACTEB  AND  LOCAL  FBATUBES. 

The  formation  consists  chiefly  of  limestone,  in  greater  part  mas- 
sively  bedded,  of  light-gray  color  and  showing  a  brecciated  structure 
in  many  beds.  In  Gym  Peak  and  vicinity  the  lower  member  is 
dark  and  the  one  next  above  it  is  much  lighter  in  color,  with  an  abrupt 
change  from  one  to  the  other,  and  the  thickness  remaining  in  this 
area  and  west  of  the  peak  is  at  least  700  feet.  In  the  canyon  1  mile 
southeast  of  Gym  Peak  limestone  apparently  in  the  middle  of  the 
formation  dips  steeply  southeastward  under  80  feet  of  dark-gray 
fissile  shale  which  is  traceable  for  about  half  a  mile  and  again  ap- 
pears along  the  great  fault  on  the  trail  a  short  distance  west  of  Gym 
Peak.  This  black  shale  is  overlain  on  the  east  by  cherty  limestone 
containing  abundant  Manzano  fossils  and  this  limestone  is  finally 
cut  off  by  the  great  fault  which  crosses  the  mountain.  To  the  east 
the  Gym  limestone  of  this  area  passes  beneath  the  bolson  deposits. 
In  the  outlier  2  miles  south  of  Gym  Peak  the  rock  is  a  light-colored 
massive  limestone  weathering  dark  gray  and  containing  many  fossils. 
In  the  mass  lying  farther  southwest  the  limestone  lies  in  part  on  the 
coarse  granite  and  in  part  on  gray  quartzitic  sandstone  about  12 
feet  thick,  the  sedimentary  rocks  apparently  overthrust  onto  the  gran- 
ite. A  few  rods  east  and  northeast  of  this  outlier  are  several  large 
irregular  masses  of  the  limestone,  upon  and  into  which  the  granite 
has  been  faulted  with  relations  described  on  pages  73-75. 

At  the  north  end  of  the  great  mass  of  porphyry  of  the  Tres  Herma- 
nas  Mountains  there  are  two  extensive  outcrops  of  the  Gym  lime- 
stone, separated  by  the  large  draw  draining  the  north  slope,  and 
another  area  constitutes  the  westernmost  ridge  of  the  range.  About 
the  old  zinc  mines  the  limestones  constitute  a  low  ridge,  in  which  the 
beds  dip  to  the  north  and  northeast  at  low  angles.  Along  the  por- 
phyry contact  the  limestone  is  metamorphosed  to  marble  and  the 
more  impure  portions  to  homfels.  Two  miles  farther  east  the  lime- 
stone appears  again,  flanking  the  porphyry  for  a  mile  or  more  and 
constituting  a  ridge  of  considerable  prominence,  which  is  a  spur  of 
the  highest  peak  of  the  range.  Here  the  beds  dip  to  the  northeast 
and  north,  and  the  limestone  passes  under  gray  quartzite,  which  is 
the  highest  member  exposed.  Marble  appears  at  the  porphyry  con- 
tact, and  several  masses  of  this  altered  rock  are  included  in  the 
porphyry.  The  limestone  extends  for  several  miles  along  the  eastern 
slope  of  the  high  peaks  of  these  moimtains,  in  some  places  in  contact 
with  porphyry  and  in  others  cut  by  rhyolite  and  keratophyre.  It 
dips  mostly  to  the  east  and  southeast  at  low  angles  and  500  to  600 
feet  of  beds  are  exposed,  some  of  them  very  f ossiliferous.  Here  also 
the  limestone  at  the  porphyry  contact  is  largely  metamorphosed  to 
coarsely  crystalline  white  marble,  and  some  of  it  is  included  in  the 
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igneous  body,  notably  one  very  large  mass  on  the  east  slope  of  the 
southernmost  of  the  three  high  peaks  constituting  the  high  northern 
ridge.  The  limestone  in  the  westernmost  ridge  of  the  Tres  Hermanas 
Mountains,  west  of  the  Hancock  mine,  overlies  gray  to  red  quartzite, 
of  which  50  to  60  feet  is  exposed.  The  strata  all  dip  to  the  west  and 
over  400  feet  of  limestone  is  visible,  some  of  which  yields  distinctive 
fossils.  The  quartzite  appears  to  be  the  same  as  that  overlying  the 
limestone  on  the  north  side  of  the  mountains,  2^  miles  east  of  the 
zinc  mines.    Its  relations  on  the  east  are  hidden  by  igneous  rock. 

In  the  Victorio  Mountains  the  Gym  limestone  constitutes  the  higher 
parts  of  the  three  limestone  peaks  south  of  Victorio  Peak  and  ex- 
tending for  about  a  mil^along  a  northwesterly  course.  It  appears  to 
lie  on  the  Montoya  limestone,  but  some  Fusselman  limestone  may 
intervene.  The  lower  beds  are  dark-grfty  limestone,  partly  brecciated, 
and  the  upper  beds  comprise  slabby  gray  limestones. 

The  two  small  limestone  knolls  rising  out  of  the  bolson  halfway 
between  Tomerlin  and  the  Tres  Hermanas  Mountains  yielded  Penn- 
sylvanian  fossils  and  are  supposed  to  be  Gym  limestone  continuous 
underground  with  the  western  ridge  of  the  Tres  Hermanas  area, 
which  strikes  toward  them. 

The  prominent  limestone  ridges  10  miles  northeast  of  Arena,  in 
T.  27  S.,  R.  5  W.,  present  a  series  of  beds  dipping  15°-20°  WSW.  and 
exposing  fully  400  feet  of  strata.  The  only  fossil  obtained  here  was  a 
pelecypod  resembling  Schizodus  and  probably  of  Pennsylvanian  age. 

The  Gym  lunestone  in  Sarten  Kidge  and  Cooks  Range  appears  as 
the  beds  rise  from  the  great  fault  4  miles  northwest  of  Fort  Cum- 
mings  and  extends  across  the  range  in  the  high  northward-facing 
ridge  2  miles  south  of  the  peak.  It  is  cut  out  by  porphyry  southwest 
of  the  peak,  but  comes  in  again  northeast  of  the  55  ranch  and  is  also 
exposed  imder  the  sandstone  knobs  to  the  north  and  east.  It  under- 
lies a  wide  area  of  the  cuesta  east  of  Cooks  post  office  and  crops  out  in 
the  cliffs  on  the  north  and  northeast  sides  of  this  cuesta.  In  all  this 
area  it  lies  between  the  cherty  limestone  supposed  to  mark  the  top  of 
the  Lake  Valley  limestone  and  locally  the  black  shale  of  the  Magda- 
lena  formation  and  a  10-foot  bed  of  conglomerate  underlying  red 
shale  of  the  Lobo  formation.  .  Its  total  thickness  here  is  only  25  to  30 
feet,  comprising  5  feet  of  nodular  limestone  at  the  top,  20  feet  of 
blue  limestone,  and  a  5-foot  bed  of  conglomerate  with  some  red 
jasper,  which  probably  marks  the  base  of  the  formation.  The  lime- 
stone contains  abundant  Manzano  fossils  at  various  places,  notably  in 
a  gulch  half  a  mile  northeast  of  tlie  55  ranch.  Possibly  a  small 
amount  of  the  top  of  these  beds  appears  in  the  Goat  Ridge  uplift 
and  in  the  draw  just  north  of  the  sandstone  quarry  a  mile  south  of 
Fryingpan  Spring.     A  small  displaced  wedge  of  the  limestone  is 
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exposed  along  the  fault  a  few  rods  northeast  of  this  quarry,  lying 
on  conglomerate  a  few  yards  east  of  the  road. 

FOSSILS  AITD  CORRELATION. 

Fossils  were  found  in  various  parts  of  the  Gym  limestone,  and 
while  most  of  them  are  stated  by  G.  H.  Girty  to  be  distinctive  of  the 
Manzano  group  of  the  Pennsylvanian  series  they  do  not  afford  a  suf- 
ficiently definite  basis  for  correlation  with  any  formation  of  that 
group  in  central  New  Mexico,  nor  do  they  indicate  how  much  of  the 
group  is  represented.  Some  of  the  gastropods  strongly  suggest  the 
Hueco  fauna. 

In  the  small  mass  of  limestone  faulted  int<^the  granite  on  the  south 
side  of  the  Florida  Mountains,  2  miles  south  of  Gym  Peak,  were  ob- 
tained Fusulinella  sp.,  Productug  semireticulaivs^  Pugnax  utah^  Com- 
posita  aubtUita^  Astartella?  sp.,  Bellerophon  aff.  B.  crassuSj  Pleuro- 
tomaria  sp.,  Euomphalus  aff.  E,  pemodosua^  Meekospira  sp.,  and 
Orthonema  sp.,  determined  by  G.  H.  Girty. 

Fossils  were  obtained  near  the  base  of  the  formation  west  of  Gvm 
Peak,  from  beds  above  the  black  shale  member  southeast  of  Gym 
Peak,  in  the  Victorio  Mountains,  from  the  nodular  limestone  east  of 
the  55  ranch,  from  the  beds  east  of  the  middle  part  of  the  Tres  Her- 
manas  Mountains,  from  the  limestone  ridge  on  the  west  side  of  the 
Tres  Hermanas  Mountains,  and  from  the  outliers  east  of  Tomerlin. 
The  following  species  from  the  beds  over  the  black  shale  southeast 
of  Gym  Peak  were  determined  by  G.  H.  Girty:  CJionetes  platyno- 
tusfj  Margimfera  splendensf^  Echinocrinus  omatus^  Bellerophon 
crassus^  and  Phymatifer  n.  sp.  Phymatifer  n.  sp.  was  also  found  in 
the  area  east  of  Tomerlin. 

From  slightly  higher  beds  a  short  distance  farther  southeast  of 
Gym  Peak  the  following  were  collected :  Fusulinella  sp.,  sponge  and 
sponge  spicules,  Echinocrinua  omatus^  Productus  aff.  P.  senureticu- 
latus^  Ambocoelia?  sp.,  Composita  sp.,  Parallelodon  politusf^  Astar- 
tella sp.,  Plagioglypta  cannaf^  Bellerophon  crassus  var.  wewokanuaf^ 
Bucanopais  modesta^  Pleurotomaria  texana^  Pleurotomaria  8  sp., 
Murchisonia  4  sp.,  Discohelix?  n.  sp.,  Rhynchoraphalus  obtimspiraj 
Spha^rodoma  aff.  S.  humUis^  Sphaerodoma  aff.  S,  priraigenia^  Cyclo- 
nema  sp.,  Glyptobasis?  sp.,  Orthonema  socorroense?^  Orthonema  sp., 
Pseudomelania  ?  4  sp.,  Zygopleura  n.  sp.,  Loxonema?  2  sp.,  and  BuH- 
morpha  inomata. 

Echinocrinus  omatus  was  also  collected  from  the  Gym  limestone 
near  the  Mahoney  mine. 

In  a  bed  near  the  middle  of  the  Gym  limestone  half  a  mile  south  of 
Victorio  Peak  the  following  species  were  obtained :  Solenomya  ?  sp., 
Nucula  levatifonnis^  Nucula  levatifornua  var.  obliqua^  MamaneUa 
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eUipticOj  Edmondia  sp.,  Manopteria  marianf^  Myalina  sp.,  Schizodus 
sp.,  Pleurophorus  sp.,  Astartella  n.  sp.,  Plagioglypta  cannaf^  Murchi- 
sonia  n.  sp.,  Euomphalus?  sp.,  Cyclonema?  sp.,  and  Sphserodoma? 
aff.  S.  funformis.  In  a  bed  somewhat  lower  in  the  formation  exposed 
in  the  same  draw  were  collected  Manzcmella  elliptica^AsifirtAhi  n.  sp., 
Schizodus  sp.,  Murchisonia  n.  sp.,  Naticopsis  sp.,  and  a  number  of 
undeterminable  pelecypods. 

In  the  extensive  series  exposed  at  the  foot  of  the  middle  peak  of  the 
Tres  Hermanas  Mountains  were  collected  MeekeUa  mexicanafj  Pro- 
duettis  cora,  Composita  mexicanat^  Pinna  peracutaj  Bellerophon 
majiLsculusf^  and  Euomphalus  sp.  In  the  beds  on  the  ridge  west  of 
the  Hancock  mine,  on  the  west  side  of  the  Tres  Hermanas  Mountains, 
were  obtained  Productua  occidentalism  Productus  sp.,  and  Squamu- 
laria  perplexa.  These  were  all  determined  by  G.  H.  Girty,  who  calls 
attention  to  the  fact  that  the  Productus  occidentalis  is  a  form  char- 
acteristic of  the  limestone  capping  Sacramento  Mountain  at  Cloud- 
croft,  a  bed  which  is  very  high  in  the  Carboniferous. 

The  upper  nodular  limestones  of  the  formation  in  slopes  east  of 
the  55  ranch  southwest  of  Cooks  Peak  yielded  Productus  sp.,  Comr 
posita  suhtUitdj  and  Euomphalus  sp. 

TRIASSIC  (?)  SYSTEM. 

LOBO  FO&lCATIOir. 

BELATION8  AND  NAME. 

The  shales,  conglomerates,  and  impure  limestones,  herein  designated 
the  Lobo  formation,  lie  unconformably  on  the  Gym  and  older  lime- 
stones and  are  unconformably  overlain  by  the  Sarten  sandstone  of 
the  Comanche  series  in  the  Cooks  Range  region  and  by  agglomerate 
in  the  Florida  Mountains.  They  are  called  the  Lobo  formation  from 
Lobo  Draw,  on  the  east  slope  of  the  Florida  Mountains,  where  the 
rocks  are  extensively  exposed.  The  thickness  of  the  formation  at  that 
place  is  about  350  feet. 

DISTRIBtrnON. 

The  outcrop  of  the  Lobo  formation  extends  for  about  5  miles  in 
the  higher  slopes  of  the  northern  third  of  the  Florida  Mountains, 
which  it  crosses  on  a  general  northwesterly  course.  It  lies  on  the 
Montoya  and  El  Paso  limestones  to  the  north,  but  at  Capitol  Dome 
it  overlaps  granite  uplifted  by  a  pre-Lobo  fault.  From  that  place 
as  far  as  it  is  exposed  to  the  southeast  it  lies  directly  on  a  planation 
surface  of  granite.  It  is  overlain  by  the  agglomerate  throughout 
this  mountain  range,  and,  while  there  is  an  apparent  erosional  un- 
conformity at  the  contact  there  is  no  great  discordance  in  dip. 
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Apparently  the  same  formation  appears  again  in  the  northeast  face 
of  the  high  ridge  of  Sarten  sandstone  in  Cooks  Bange  and  in  small 
outcrops  on  Goat  Bidge  and  Fluorite  Ridge.  A  small  exposure  is 
revealed  in  the  deep  hoUerw  near  the  south  end  of  Sarten  Ridge, 
just  north  of  the  sandstone  quarry.  A  closely  similar  formation  lies 
between  the  andesite  and  the  Gym  limestone  on  the  south  side  of  the 
main  high  ridge  of  the  Victorio  Mountains,  but  as  it  includes  con- 
glomerates containing  andesites  and  other  eruptive  rocks  believed  to 
be  younger  than  Lobo,  the  deposit  is  regarded  as  part  of  the  great 
agglomerate  series. 

GHABACTER  AND  THICKNESS. 

The  Lobo  formation  consists  largely  of  reddish  and  gray  shale  and 
gray  to  pinkish  impure  limestone,  but  it  includes  much  conglomerate 
at  its  base.  In  its  overlap  on  the  granite  southeast  of  Capitol  Dome 
there  is  some  basal  arkosic  sandstone.  A  section  on  the  west  slope 
of  Capitol  Dome,  beginning  at  the  unconformity  at  the  base  of  the 
agglomerate,  is  as  follows: 

Section  of  Loho  formation  at  Capitol  Dome, 

Feet. 
Sandstone,  soft,  reddish,  with  a  few  thin  conglomerate  layers 

and  some  limy  beds  (top) 50 

Conglomerate,  light  colored,  with  limestone  pebbles 8 

Sandstone,  pink,  soft,  with  conglomerate  streaks 80 

Limestone,  slabby,  In  bodies  3  to  10  feet  thick,  separated  by 
buff  and  reddish  shale  with  thin  limestone  layers;  lime- 
stones weather  buff 180 

Shale,  dark  reddish 20 

Limestone,  massive,  impure,  with  scattered  pebbly  streaks 10 

Limestone,  conglomerate,  coarse,  with  chert  and  quartzite  peb- 
bles, red-sand  matrix  (bottom) 20 
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The  conglomerate  lies  on  an  irregularly  eroded  surface  of  the  Mon- 
toya  and  El  Paso  limestones,  but  the  dips  of  the  three  formations,  as 
well  as  that  of  the  overlying  agglomerate,  are  all  to  the  east  at  angles 
from  18°  to  20°.  A  few  rods  southeast  of  the  base  of  Capitol  Dome 
the  formation  extends  across  the  fault  shown  in  figure  6  (p.  77), 
which  lifts  the  granite  to  the  level  of  the  top  of  the  El  Paso  lime- 
stone, a  displacement  of  1,000  feet  or  more.  This  feature  indicates 
that  the  block,  uplifted  by  this  fault,  was  eroded  to  a  plane  before 
the  deposition  of  the  Lobo  beds.  Some  of  the  limestone  beds  in  the 
Lobo  formation  closely  resemble  lithographic  stone  but  are  harder 
and  contain  only  27  per  cent  of  calcium  carbonate,  the  remainder 
consisting  of  about  10  per  cent  of  magnesium  carbonate  and  of  matter 
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insoluble  in  acid.  At  the  typical  locality  in  Lobo  Draw  the  forma- 
tion consists  largely  of  buff  and  red  shale  and  massive,  very  fine 
grained  sandstone  and  limestone.  ^ 

In  the  Cooks  Range  exposures  the  formation  is  thinner  and  pre- 
sents certain  differences  in  stratigraphy  but  no  more  than  might  be 
expected  in  a  formation  of  this  character.  A  section  measured  at  the 
north  end  of  Sarten  Ridge,  at  a  point  4  miles  northwest  of  Fort 
Cummings,  is  as  follows,  beginning  at  the  first  bed  below  an  appar- 
ent marked  unconformity  at  the  base  of  the  Sarten  sandstone : 

Section  of  Lobo  formation  and  underlying  strata  at  north  end  of  Sarten  Ridge-, 

Lobo  formation:  Feet. 

Sandstone,  snuff -colored 20 

Conglomerate  with  limy  matrix 25 

Shale,  red 40 

Ck>nglomerate 10 

Gym  limestone: 

Limestone,  nodular,  in  red  shale 5 

Limestone,  blue 20 

Ck>nglomerate,  with  some  red  jasper 5 

The  three  beds  at  the  base  of  this  section  doubtless  represent  the 
Gym  limestone,  for  the  nodular  bed  contains  Manzano  fossils  on  the 
west  slope  of  the  range. 

AGE  AND  CORBELATION. 

No  fossils  were  found  in  the  Lobo  formation,  so  that  its  age  is  not 
determined.  In  the  central  part  of  Cooks  Range  it  lies  imconform- 
ably  on  the  Gym  limestone,  of  late  Pennsylvanian  age,  and  is  also 
separated  from  the  overlying  Sarten  sandstone  (Lower  Cretaceous) 
by  an  unconformity ;  hence  its  age  may  be  Pennsylvanian,  Permian, 
Triassic,  or  even  earliest  Cretaceous.  Because  of  its  unconformable 
relations  with  both  the  overlying  and  underlying  formations,  how- 
ever, the  Lobo  is  tentatively  classified  as  Triassic  ( ?). 

CRETACEOUS  SYSTEM. 
CLABBinCATIOK. 

In  Lima  County  the  Cretaceous  system  is  represented  by  Lower 
Cretaceous  rocks  carrying  Washita  and  Tripity  fossils  and  by  the 
Colorado  shale,  of  Upper  Cretaceous  age,  the  intervening  forma- 
tions apparently  being  absent,  and  higher  formations  being  either 
absent  or  hidden  beneath  much  later  deposits. 

Rocks  of  Washita  age  crop  out  extensively  on  the  flanks  of  the 
central  part  of  Cooks  Range,  in  Fluorite  Ridge,  and  in  Goat  Ridge 
northwest  of  China  Tank.     Limestones  apparently  of  somewhat 
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lower  positicm  in  the  Comanche  series  constitute  the  prominent 
buttes  at  the  north  end  of  Sierra  Kica,  in  the  southwest  corner  of 
the  county  (PL  yil,  ^4,  p.  15).  In  the  region  north  of  Deming  the 
rocks  are  mainly  hard  massive  sandstone,  for  which  the  name  Sarten 
sandstone  is  proposed. 

UKESTOVE  or  COXAKOHE  AGE. 

CHARACTER  AND  RELATIONS. 

The  ridges  constituting  the  northern  extension  of  the  Sierra  Rica, 
in  the  extreme  southwest  comer  of  Luna  County,  consist  of  lime- 
stones of  Comanche  (Trinity)  age.  They  are  similar  to  the  Mural 
limestone,  described  by  Ransome  in  the  Bisbee  folio,  but  it  is  thought 
undesirable  to  correlate  them  at  present.  In  the  lower  slopes  of  these 
hills,  at  the  International  mine,  there  are  alternating  beds  of  lime- 
stone and  limy  shales,  apparently  of  Washita  age,  which  dip  toward 
the  buttes,  but  are  doubtless  separated  from  them  by  a  fault.  The 
greater  part  of  the  area  is  shown  in  Plate  I  (in  pocket).  The  lime- 
stone of  the  buttes  is  a  rock  of  light  blue-gray  color,  in  part  massive 
and  in  part  thin  bedded.  About  400  feet  of  it  is  exposed,  and  the. 
beds  dip  to  the  north  at  a  low  angle.  On  the  southeast  slopes  are 
limy  shales  and  alternations  of  shale  and  limestone  containing  many 
fossils.  The  ledges  of  these  rocks  extend  to  the  International  mine, 
northeast  of  which  there  are  ledges  of  gray  quartzite,  apparently  at  a 
lower  horizon,  but  possibly  separated  by  a  fault. 

FOSSn^S  AND  AGE. 

Fossils  were  collected  in  the  limestone  along  the  south  slopes  of 
both  of  the  larger  limestone  ridges  at  the  north  end  of  Sierra  Rica. 
They  were  determined  by  T.  W.  Stanton  as  a  small  terebratuloid, 
apparently  closely  related  to  Kingena  wacoensis  Roemer,  which  is 
common  in  the  Comanche  series,  and  the  foraminifer  Orbitolina 
texana  (Roemer),  which  is  characteristic  of  the  Trinity  group  of 
the  Comanche  series.  The  former  are  very  abundant.  These  fossils 
indicate  a  horizon  the  same  as  or  near  to  that  of  the  Mural  lime- 
stone of  the  Bisbee  quadrangle. 

Impure  limestone  and  shaly  beds  exposed  in  the  flats  just  south- 
east of  these  ridges,  a  short  distance  north  of  the  International  mine, 
contain  Ostrea,  Corbula,  Anchura,  Turritella,  and  a  few  other  fos- 
sils, including  a  great  number  of  large  Exogyras  related  to  E.  quit- 
manensis  (Cragin),  which  are  believed  to  be  of  Washita  age.  This 
evidence  of  fossils  indicates  that  there  is  a  fault  between  the  limestone 
ridges  yielding  Trinity  fossils  and  the  flats  where  the  Washita  fos- 
sils were  obtained. 
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BA&TSV  SANDSTONE. 
OCCTTRRENCE  AND  BELATIONS. 

The  most  extensive  exposure  of  the  Sarten  sandstone  is  in  the 
prominent  southern  extension  of  Cooks  Range,  known  as  Sarten 
Ridge,  and  the  name,  which  is  used  here  for  the  first  time,  is  taken 
from  that  locality.  Fluorite  Ridge  is  also  capped  by  the  rock,  and 
it  is  brought  to  the  surface  in  the  dome-shaped  uplift  of  Goat  Ridge. 
It  constitutes  the  high  cuesta  or  sloping  plateau  north  and  east  of 
Cooks  post  office  and  appears  in  several  knobs  and  ridges  adjoining 
the  porphyry  of  the  Cooks  Peak  intrusion  south  of  that  post  office 
and  east  and  south  of  the  55  ranch.  Most  of  these  areas  are  cut 
off  by  faults  or  igneous  rocks,  and  some  of  the  outcrops  slope  down 
into  the  agglomerate  of  the  bolson.  At  the  north  end  of  Sarten 
Ridge,  in  the  Cooks  post  office  area,  in  Goat  Ridge,  and  in  a  canyon 
on  the  southeast  side  of  Sarten  Ridge  the  Sarten  sandstone  is  ex- 
posed, lying  without  notable  discordance  of  dip  on  the  Lobo  forma- 
tion, which  shows  but  slight  evidence  of  erosion. 

In  the  Pony  Hills,  north  of  Fluorite  Ridge,  the  sandstone  lies 
directly  on  or  against  granite,  but  apparently  this  relation  is  due 
to  faults.  In  the  eastern  slope  of  the  Pony  Hill  area  a  separating 
fault  is  well  exposed.  Some  of  the  relations  at  this  place  are  shown 
in  figure  11  (p.  88). 

At  four  localities  south,  southwest,  and  east  of  Cooks  Peak  and 
half  a  mile  south  of  the  55  ranch  the  Sarten  sandstone  is  overlain 
by  Colorado  shale  without  discordance  of  dip  or  other  evidence  of 
unconformity  to  represent  the  long  interval  between  Washita  and 
Colorado  time. 

CHASACTEB   AND  THICKNESS. 

The  Sarten  sandstone  consists  almost  entirely  of  light-gray,  mas- 
sive sandstone,  most  of  it  quartzitic  or  very  hard.  Some  beds  are 
slabby  and  a  few  of  them  contain  a  little  calcium  carbonate.  At 
the  base  there  is  more  or  less  conglomerate,  part  of  it  containing 
angular  and  subangular  fragments.  The  thickness  of  the  formation 
in  Sarten  Ridge,  Goat  Ridge,  and  the  ridges  east  of  Cooks  post  office 
is  300  feet,  but  in  many  areas  the  top  has  been  removed  by  erosion 
or  covered  by  later  deposits.  Faults  and  porphyry  cut  off  the  lower 
beds  in  various  places. 

FOSSILS   AND   COBBELATION. 

Most  portions  of  the  Sarten  sandstone  are  barren  of  fossils,  but 
some  beds  contain  them  in  abundance  and  in  excellent  state  of  preser- 
vation. This  is  notably  the  case  in  the  east  slopes  of  Sarten  Ridge 
about  a  mile  north  of  Fryingpan  Spring,  where  limy  beds  not  far 
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below  the  middle  of  the  formation  yielded  the  following  forms: 
Cardita  belviderensis  Cragin,  Cardium  kansdsense  Meek,  Protocardia 
texana  Conrad,  P.  quadrans  Cragin,  Tapes  belviderensis  Cragin?, 
Turritella  aff.  T,  seriatimrgranulata  Roemer,  Ostrea  sp.,  Nucula  sp., 
Trigonia  sp.,  Lunatia  sp.,  Cyprimeria  sp.,  and  Anchura  sp.  These 
were  determined  by  T.  W.  Stanton,  who  states  that  they  represent 
the  forms  of  the  Washita  group  of  the  Comanche  series  and  show 
about  the  same  f aunal  f acies  as  that  found  in  the  marginal  deposits 
of  southern  Kansas  and  near  Tucumcari,  N.  Mex.  The  following 
fossils,  obtained  in  the  west  end  of  Fluorite  Ridge  at  apparently 
about  the  same  horizon  as  at  the  locality  northwest  of  Fryingpan 
Spring,  were  determined  by  Mr.  Stanton:  Ostrea  sp.,  Trigonia  sp., 
Leptosolen  sp.,  Homomya  sp.,  and  Turritella  sp. 

COLOBADO  SHALE. 
DISTRIBUTION. 

The  Colorado  shale  crops  out  at  three  places  in  Luna  County, 
two  of  them  in  the  north  edge  of  the  structural  and  topographic 
basin  west  of  Fryingpan  Spring  and  the  other  in  a  small  syncline 
2  miles  southwest  of  Cooks  Peak.  The  outcrops  are  small,  but  prob- 
ably the  shale  umderlies  a  large  part  of  the  basin  north  of  Goat 
Ridge,  and  there  may  be  much  of  it  under  the  great  bolson  deposits 
in  other  parts  of  the  country.  The  most  extensive  outcrop  is  2J 
miles  northwest  of  Fryingpan  Spring,  where  the  shale  occupies  an 
area  of  nearly  1  square  mile  and  the  strata  dip  gently  to  the  south- 
west. To  the  east  are  slopes  of  the  Sarten  sandstone,  and  at  the 
north  the  shale  is  cut  off  by  a  large  mass  of  porphyry  intruded  near 
its  base.  To  the  south  and  west  the  shale  passes  beneath  bolson 
deposits  and  agglomerate,  but  it  rises  again  with  steep  dip  in  a 
narrow  outcrop  zone  along  the  foot  of  the  Sarten  sandstone  ridge 
which  lies  4  miles  south-southwest  of  Cooks  Peak.  The  exposures 
2  miles  southwest  of  Cooks  Peak  are  mainly  in  a  small  low  mound 
along  a  draw  a  few  rods  east  of  the  main  north  and  south  road. 
Here  the  beds  lie  in  a  local  deepening  of  a  syncline  of  the  Sarten 
sandstone.  A  narrow  area  of  Colorado  shale  extends  along  the  foot 
of  the  mountain  east  of  Cooks  Peak  from  Cooks  post  office  to  the 
south  line  of  T.  20  S.  It  lies  on  the  Sarten  sandstone  in  part  in  a 
syncline  and  cut  off  on  the  west  by  the  fault.  It  is  also  cut  off  on  the 
southeast  by  a  fault  separating  it  from  the  agglomerate  series. 

CHABACTEB   AND   BELATIONS. 

In  the  easternmost  area  above  described  there  are  about  200  feet 
of  beds  exposed.  They  consist  mainly  of  dark  shale  with  inter- 
bedded  layers  of  sandstone  and  sandy  shale  and  several  thin  beds 
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of  dark  blue-gray  limestone  which  weathers  to  a  dirty  buff  color. 
The  uppermost  shale  is  darker  than  that  below,  and  a  few  feet  of 
slabby  buff  sandstone  appears  at  one  point  where  the  formation 
passes  beneath  the  overlapping  agglomerate.  The  shale  is  separated 
from  the  underlying  Sarten  sandstone  by  abrupt  change  in  char- 
acter of  materials,  but  there  is  no  noticeable  discordance  of  dip, 
and  coarse  fragmental  sediments  are  lacking.  There  is  probably 
at  this  horizon  a  hiatus  representing  the  Dakota  sandstone  and 
associated  beds,  covering  a  considerable  portion  of  early  Upper 
Cretaceous  time. 

FOSSILS  AND  AGS. 

Numerous  fossils  occur  in  the  Colorado  shale  at  all  outcrops. 
The  following  were  determined  by  T.  W.  Stanton:  Gryphcea  new- 
herryi  Stanton,  Inoceramus  lahiaiuaf  Schlotheim,  Metoicoceras  sp., 
and  Prionotropis  sp.  These  forms  all  belong  to  the  Benton  fauna. 
The  little  Gryphseas  weather  out  in  large  numbers  from  some  of  the 
beds  and  accumulate  on  the  surface.  One  limestone  layer  near  the 
middle  of  the  beds  exposed  contains  many  scattered  cephalopods, 
which  are  difficult  to  obtain  in  good  condition. 

Fossils  are  numerous  in  a  sandy  layer  at  the  eastern  margin  of  the 
outcrop  zone  2  miles  west-southwest  of  Wallace's  ranch,  each  of 
Cooks  Peak.  At  this  place  the  following  were  collected :  Ostrea  sp,, 
Gryphffia?  sp.,  Modiola  sp.,  Astarte  sp.,  Veniella?  sp.,  Anatina?  sp., 
Corbula  sp..  Glaucoma  coalvillerms  (Meek)  ?,  Volutoderma?  sp.,  and 
Fasciolaria?  sp.  They  were  determined  by  T.  W.  Stanton,  who  re- 
gards them  as  Upper  Cretaceous.  They  are  casts,  and  several  ap- 
pear to  be  undescribed  species. 

TERTIARY  SYSTEM. 
AOOLOXEBATE  AKD  ASSOCIATED  BOOKS. 

CHASACTEB  AND  BELATIONS. 

In  Luna  County  the  Tertiary  system  is  represented  mainly  by  a 
great  thickness  of  irregularly  stratified,  nonfossiliferous  deposits, 
chiefly  of  volcanic  origin  and  pyroclastic  character,  interbedded  with 
intrusive  sheets  and  volcanic  flows.  The  material  consists  of  ag- 
glomerate, tuff,  volcanic  ash,  flows  of  volcanic  mud,  and  some  flow 
breccias.  The  greater  part  of  the  finer  material  was  wind  borne, 
but  portions  have  been  deposited  or  rearranged  by  water.  Some 
beds  of  sand,  sandstone,  gravel,  and  conglomerate  of  ordinary 
detrital  origin  are  also  included.  The  thickness  of  the  deposits  is 
more  than  2,000  feet,  and  as  they  are  extensively  exposed  in  nearly 
all  the  ridges  it  is  probable  that  they  also  underlie  a  large  part  of 
the  bolson  areas.    They  lie  unconf ormably  on  various  formations  up 
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to  and  including  the  Colorado  shale,  of  middle  Upper  Cretaceons 
age,  and  are  regarded  as  Tertiary,  although  the  lower  part  may  be 
late  Cretaceous,  and  some  of  the  beds  at  the  top  may  be  of  Quater- 
nary  age.  They  are  overlain  unconformably  by  the  Quaternary 
bolson  deposits.  The  thick  sheets  of  volcanic  flows  of  various  kinds 
which  are  interbedded  at  intervals  in  parts  of  the  area  were  the 
products  of  intermittent  volcanic  eruptions.  The  deposits  are  also 
cut  by  dikes,  some  of  them  the  feeders  of  the  eruptive  flows. 

The  typical  agglomerate,  which  is  the  predominating  deposit,  is  a 
massive  rock,  mostly  very  hard,  made  up  of  angular  masses  of  erup- 
tive rocks,  chiefly  dark-gray  andesite  or  purplish  latite  embedded 
in  a  matrix  of  tuff  or  ash.  In  places  the  matrix  is  crystalline  and 
the  rock  is  probably  of  a  flow  breccia.  There  are  also  mud  flows 
and  thin  sheets  of  lava,  which  have  flowed  over  the  unconsolidated 
deposits  and  become  mixed  with  a  large  amount  of  fragmental 
ejected  material.  Accumulations  of  tuff  and  other  volcanic  materials 
deposited  in  part,  at  least,  by  water  are  of  common  occurrence,  in- 
cluding irregular  bodies  of  volcanic  ash  of  considerable  thickness  and 
extent.  Some  of  the  water-laid  material  consists  of  ordinary  sand 
and  gravel,  the  detritus  of  various  rocks,  sedimentary  and  volcanic, 
now  mostly  hardened  to  sandstone  or  conglomerate,  but  in  some 
places  difficult  to  distinguish  from  the  bolson  deposits. 

DI8TBIBI7TION. 

The  most  extensive  exposures  of  the  pyroclastic  rocks  are  in  the 
north  end  of  the  Florida  Mountains,  the  crest  and  east  side  of  the 
Little  Florida  Moimtains,  the  east  side  and  south  end  of  Cooks 
Kange,  the  wide  area  northeast  of  Cooks  Kange,  the  Carrizalillo 
Hills,  the  Cedar  Grove  Moimtains,  the  southeast  and  northeast  slopes 
of  the  Tres  Hermanas  Mountains,  the  west  slope  of  the  Goodsight 
Mountains,  the  Fourmile  Hills  and  Taylor  Mountain  area,  the  valley 
of  the  Mimbres  above  Taylor  Mountain,  and  under  the  andesite  in 
the  Victorio  Mountains.  Smaller  exposures  occur  about  Fluorite 
Ridge,  on  Goat  Ridge,  at  the  south  end  of  the  Burdick  Hills,  at  a 
few  points  about  the  Cow  Spring  Hills,  and  in  the  southwest  comer 
of  T.  27  S.,  R.  5  W.  There  is  a  very  small  outcrop  on  the  south  side 
of  Red  Mountain.  Ash  and  gravel  under  the  basalt  of  Black  Moun- 
tain are  classed  with  this  formation,  but  may  be  somewhat  yoimger 
than  the  main  body  of  agglomerate  in  other  areas. 

LOCAL  FEATURES. 

The  agglomerate  forming  the  rugged  peaks  and  deeply  dissected 
slopes  of  the  north  end  of  the  Florida  Mountains  exhibits  the  rela- 
tions shown  in  the  sections  in  figure  3  (p.  70).    The  thickness  ex- 
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posed  is  about  1,600  feet,  but  as  a  portion  has  been  removed  by 
erosion,  doubtless  there  is  more  of  it  under  the  bolson  east  of  the 
mountains.  It  lies  unoonf ormably  on  the  Lobo  formation,  but  with- 
out notable  discordance  in  the  dip,  which  is  at  a  low  angle  to  the 
east  and  northeast.  Much  of  the  agglomerate  in  the  Florida  Moun- 
tains is  a  hard  gray  rock  in  massive  beds,  which  are  50  to  80  feet  thick 
in  many  places.  These  beds  consist  mostly  of  large  angular  frag- 
ments of  andesite  and  other  contemporaneous  eruptive  rocks  in  a 
matrix  of  partly  ci*ystalline  nature.  Toward  the  base  at  Capitol 
Dome  there  is  an  alternation  of  less  massive  beds,  as  follows: 

Section  of  pyroclaatic  rocks  at  Capitol  Dome, 

Feet. 

Agglomerate,  very  massive,  purplish  gray 150 

Sandstone,  gray  to  reddish 4 

Conglomerate,  coarse,  bowlders  1  to  6  inches,  mostly  volcanic 
rock,  but  some  blue  limestone  and  coarse  reddish  granite 30 

Sandstone  slabby,  light  dirty  green,  made  up  mostly  of  com- 
minuted volcanic  rocks 12 

Ck>nglomerate,  coarse,  bowlders,  largely  volcanic  rocks,  some 
blue  limestone  and  coarse  red  granite 10 

Agglomerate,  massive,  fine  grained,  and  tuff  full  of  small 
angular  fragments  of  eruptive  rocks  (andesite,  etc.) 50 

Keratophyre  flows,  slabby  to  massive,  gray,  fine  grained, 
with  beds  of  andesite  tuff  in  layers  of  varying  thickness, 
some  showing  mud  cracks * 40 

Agglomerate,  with  rounded  to  subangular  masses  of  andesite, 
bedded - 25 

Keratophyre  fiow,  gray,  slabby,  fine  grained 3 

Conglomerate,  coarse,  with  rounded  bowlders  of  andesite, 
limestone,  granite,  etc 20 

The  basal  bed  lies  unconformably  on  50  feet  of  soft  reddish  sand- 
stone of  the  Lobo  formation,  and,  although  there  is  some  evidence 
of  erosion  at  the  contact,  there  is  no  noticeable  difference  in  direction 
or  rate  of  dip.  In  places  the  middle  and  upper  members  of  the 
series  contain  finer-grained  beds,  such  as  the  body  of  fine-grained 
light-colored  tuff  that  has  been  quarried  for  building  stone  on  the 
east  end  of  a  spur  2  miles  northeast  of  Arco  del-  Diablo.  The  ag- 
glomerate in  the  faulted  block  IJ  miles  southeast  of  Arco  del  Diablo 
is  capped  by  a  thin  sheet  of  hornblende-augite  andesite  considerably 
leached  and  carrying  masses  of  epidote. 

The  agglomerate  in  the  Little  Florida  Mountains  has  the  relations 
shown  in  figure  7  (p.  78).  Part  of  it  underlies  the  great*  sheet  of 
felsitic  rhyolite,  but  the  greater  part  lies  above  that  sheet  and  dips 
gently  eastward  down  the  east  slope  of  the  range.  Presumably  this 
body  is  at  a  higher  horizon  than  the  agglomerate  in  the  Florida 
Mountains,  but  nothing  could  be  ascertained  as  to  the  relations 
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owing  to  the  covering  of  bolson  deposits  in  the  intervening  gap. 
The  agglomerate  above  the  rhyolite  is  a  massive  deposit  of  dark- 
reddish  coarse  angular  to  subangular  fragments,  some  of  them  4 
feet  in  diameter.  This  rock  gives  rugged  topography  to  the  top  and 
west  slope  of  the  mountains,  notably  in  the  deep  canyon  just  north 
of  Black  Rock.  The  coarse  deposit  thins  greatly  at  the  low  pass 
across  the  range  toward  its  north  end.  Possibly  it  gives  place 
to  finer  sediments,  for  volcanic  tuff  and  ash  are  exposed  in  slopes 
just  east  of  the  northern  ridge  of  the  mountains.  The  deposits  ex- 
posed underlying  the  main  igneous  flow  are  mostly  tuff  and  volcanic 
ash,  in  places  considerably  silicified. 

A  thick  succession  of  agglomerates,  tuffs,  ash  beds,  and  eruptive 
sheets  is  exposed  in  the  various  ridges  constituting  the  south  end  of 
Cooks  Range.  It  is  cut  off  on  the  west  by  the  great  fault  and  on 
the  east  it  passes  beneath  the  bolson  deposits.  Besides  the  igneous 
materials  the  series  includes  sandstone  and  sand,  and  some  of  the 
fragmental  material  of  igneous  origin  or  nature  has  been  deposited 
by  water.  Some  brecciated  mud  flows  are  included,  probably  the 
edges  of  the  larger  eruptive  sheets  or  small  separate  extrusions. 
The  beds  are  all  uplifted  to  moderately  high  angles,  so  that  the 
general  order  of  succession  is  exhibited  from  southwest  to  northeast. 
It  begins  with  a  thick  series  of  agglomerates  and  ash  including  some 
sandstone  that  is  prominent  m  two  high  buttes  3  miles  northwest  of 
Mirage  Siding,  where  the  rock  is  a  red  quartzite.  In  the  next  series 
of  ridges  to  the  north  there  is  tuff  overlain  by  several  sheets  of 
andesite  and  latite;  then  follow  quartz  basalt  and  hornblende-mica 
rhyolite  interbedded  in  gray  agglomerate  and  beds  of  volcanic  ash. 
The  succession  is  irregular,  but  some  of  the  beds  of  fragmental  rocks 
and  igneous  sheets  crop  out  continuously  for  5  to  6  miles  along  the 
strike.  The  thicknesses  vary  greatly,  however,  especially  that  of  the 
bodies  of  volcanic  ash,  which  thicken  and  thin  within  short  distances. 

Extensive  exposures  of  fragmental  volcanic  rocks  of  various  kinds 
appear  about  the  foot  of  Fluorit^  Ridge,  Goat  Ridge,  and  the  south 
slope  of  Cooks  Range  west  of  Sarten  Ridge.  They  include  some 
agglomerate  and  inany  beds  of  ash  and  tuff,  and  also  of  sandstone 
composed  mostly  of  grains  of  volcanic  rocks. 

The  material  under  the  basalt  cap  of  Black  Mountain  is  largely 
waterlaid,  but  it  consists  mainly  of  rocks  of  volcanic  origin,  beds  of 
ash,  and  more  or  less  tuff.  In  all,  about  400  feet  of  these  materials 
lie  above  the  level  of  the  bolson  at  the  south  end  of  the  mountain. 
The  eastward  dip  of  their  own  bedding  and  also  of  the  basalt  cap 
carries  them  beneath  the  surface  to  the  east. 

The  agglomerate  series  in  the  Victorio  Mountains  lies  on  the 
Gym  limestone  and  is  overlain  by  andesite.    The  dips  are  somewhat 
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west  of  north  at  angles  close  to  20°  throughout,  and  the  thickness  of 
the  deposit  is  about  700  feet.  There  is  no  great  difference  in  attitude 
between  the  agglomerate  and  the  limestone.  The  younger  forma- 
tion begins  with  red  sandstone  and  reddish  to  purplish-brown  shale, 
with  included  conglomerate  deposits.  Some  of  the  conglomerate  is 
very  coarse  and  contains  pebbles  and  bowlders  of  andesites  and 
other  volcanic  rocks,  and  it  is  because  of  this  evidence  that  the 
formation  is  not  correlated  with  the  Lobo  formation,  which  it  closely 
resembles  in  all  other  respects.  Near  the  top  are  green  sandstones 
and  coarse  conglomerates  with  limestone  pebbles,  some  containing 
Carboniferous  fossils.  Dark  purplish-brown  fine-grained  massive 
shale  or  sandstone  is  the  predominating  rock  in  the  formation  in 
this  region.  Some  of  the  dark  beds  contain  considerable  calcium 
carbonate. 

The  tuff  at  the  Mimbres  Dam  site  is  a  white  massive  rock  near 
rhyolite  in  composition,  in  which  the  groundmass  is  probably  albite. 

A  tuffaceous  agglomerate  of  rhyolitic  composition  constitutes  part 
of  Taylor  Mountain.  It  is  a  light-pink  rock  of  medium  density  con- 
taining fragments  of  pumice  and  small,  apparently  waterworn  peb- 
bles, showing  the  fragmental  character  of  the  rock.  The  microscope 
reveals  fragments  of  quartz  and  cloudy  microcline,  or  microcline  and 
quartz,  as  well  as  of  various  kinds  of  aphanitic  rocks,  embedded  in 
a  matrix  consisting  of  angular  pumice  and  a  formless  mass  of  nearly 
isotropic  character,  doubtless  fine  ash.  The  fragments  of  quartz  and 
microcline,  particularly  the  latter,  are  most  certainly  derived  from 
a  granite.  The  whole  agglomerate  is  probably  a  reworked  tuff  in 
which  granitic  sand  became  incorporated. 

A  rock  of  almost  exactly  similar  character  is  found  3  miles  north- 
east of  Taylor  Mountain,  along  the  side  of  Mimbres  Valley.  A 
short  distance  farther  east,  near  the  Grant-Luna  county  line,  there 
is  a  white  rhyolitic  tuff  showing  distinct  stratification.  It  is  over- 
lain by  a  sheet  of  pink  rhyolite  bearing  numerous  fragments  of 
pumice,  and  this  in  turn  is  overlain  by  andesite. 

The  exposure  of  agglomerate  at  the  foot  of  the  south  slope  of 
Red  Mountain  extends  only  a  few  rods  and  is  but  a  few  yards  in 
width.  The  material  is  a  typical  agglomerate  with  angular  frag- 
ments, largely  of  dark  purplish-gray  rock,  apparently  homblende- 
augite  latite,  in  a  matrix  of  finer  material  of  the  same  general  char- 
acter. A  low  mound  of  bluish-gray  agglomerate  rises  above  the 
bolson  on  the  south  point  of  the  Burdick  Hills,  5  miles  southwest  of 
lola.  It  is  cut  by  dikes  of  various  kinds,  one  of  latite  and  another  of 
quartz  porphyry  10  feet  wide. 

97880*— BuU.  618—16 4 
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The  agglomerates  and  associated  rocks  have  yielded  no  fossils.  To 
judge  by  their  relations  here  and  in  adjoining  areas  they  were  accu- 
mulated during  Tertiary  time  and  probably  in  the  later  part  of  that 
period.  Possibly  the  agglomerate  is  later  than  the  porphyry  intru- 
sions, but  no  fragments  of  the  porphyry  have  been  observed  in  the 
agglomerate,  and  at  one  or  two  points  in  Cooks  Bange  some  features 
suggest  that  the  agglomerate  is  cut  by  porphyry  dikes.  The  time 
of  deposition  of  the  upper  members  of  the  agglomerate  series  may 
have  continued  into  the  Quaternary,  for  the  relatively  young  basalts 
lie  on  volcanic  ash  and  tuff  deposits,  and  the  earliest  of  the  agglom- 
erates may  be  as  old  as  late  Cretaceous. 

QUATERNARY  SYSTEM. 
BOLSON  DEPOSITS. 

Luna  County  contains  many  thick  deposits  of  sand,  gravel,  and 
clay  of  Quaternary  age.  In  greater  part  they  imderlie  the  wide 
bolsons,  and  their  smooth  top  surfaces  are  not  incised  very  deeply 
by  the  present  streams.  Along  the  lower  flats  are  accumulations  of 
recent  alluvium,  but  these  can  not  be  separated  from  the  older  de- 
posits. Some  portions  of  the  alluvium  consist  of  loose  sand  which 
blows  from  place  to  place,  giving  rise  to  local  sand  dimes,  a  feature 
mainly  confined  to  the  country  along  Mimbres  Eiver  near  Deming 
and  the  sandy  slopes  northeast  of  Arena.  More  or  less  of  the  talus 
accumulating  on  the  slopes  of  hills  and  mountains  is  of  Quaternary 
age,  but  its  limits  are  too  indefinite  for  representation  on  the  geo- 
logic map. 

The  thickness  and  character  of  the  deposits  in  the  great  bolsons 
between  the  mountains  is  known  at  certain  localities  from  well  bor- 
ings, a  few  of  which  have  reached  the  "  bedrock."  A  deep  hole  bored 
in  Deming.  in  1887  entered  rock  at  963  to  980  feet,  having  passed 
through  a  succession  of  clay,  sand,  "cement,"  and  gravel  in  alter- 
nating deposits  5  to  18  feet  thick.  The  detailed  record  of  a  950-foot 
boring  at  Lenark,  a  station  on  the  Southern  Pacific  Railroad  60  miles 
east  of  Deming,  shows  a  succession  which  is  probably  characteristic, 
although  possibly  some  of  the  materials  reported  as  sand  and  clay 
may  be  soft  sandstone  and  shale  of  Cretaceous  or  Tertiary  age.  The 
following  is  the  record  as  given  by  the  driller,  H.  F.  Gansirer : 
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Record  of  deep  boring  at  Lenark,  N.  Mex. 


Red  soil 

Chalky  clfiv 

Sandrock,  hard 

Cemented  stones. . . . 

Red  clay 

White  sand. 

Sandy  clay 

Sand 

Red  clay 

Sand 

Cemented  sand,  hard 

Red  clay,  hard 

Yellow  cuy 

Sand 

Red  clay,  hard 

9aiek8and. 

Cemented  sand 

Cli*y 


Thick- 

I>epth 

ness. 

tohase. 

Feet. 

Feet. 

13 

13 

3 

15 

63 

78 

47 

125 

61 

186 

18 

ao4 

10 

214 

12 

226 

26 

252 

38 

290 

4 

294 

43 

336 

46 

382 

14 

396 

32 

428 

18 

446 

6 

452 

4 

456 

Band 

Red  clay 

Yellow  clay 

Sandstone,  soft. 
Sandstone,  hard 

Yellow  clay 

Sand 

Sandy  clay 

Clay 

Sand 

Clay,  hard 

Yellow  clay 

Sand 

Sandy  clay 

Sand 

Sandy  clay 

Clay 

Bandy  chiy 


Depth 
to  hase. 


Feet. 


662 
590 
640 
666 
668 
TOO 
710 
730 
750 
775 
781 
800 
810 

»to 

870 
892 
900 
950 


The  following  is  a  representative  well  record  of  the  region  north- 
east of  Deming: 

Record  of  well  in  the  8W.  i  sec.  30,  T,  2S  8.,  R.  7  W. 


Loam  and  clay 

Gravel 

Clay 

Gravel  with  much  water 

Sand,  tightly  packed 

Clay 

Sand,  tightly  packed 

Clay 


Thick- 
ness. 


Feet. 
22 

^ 

4 

I 

10 

•5 

8 


Depth 
to  base. 


Feet. 
22 

50 
55 
63 


Sandrock 

Quicksand 

Gravel  and  sand,  water  bear 

ing 

Clay 

Gravel,  coarse 

Gravel,  water  bearing 

Sandrock,  solt 


Thick- 
ness. 


Feet, 


2 
1 

6 
3 
1 
3 
32 


Depth 
to  base. 


FM, 


65 
66 

72 

75 

76 

79 

111 


In  the  Columbus  region  several  borings  penetrated  basalt,  evi- 
dently in  thin  sheets,  included  between  sands  and  clays  of  the  bolson 
deposits.  Some  features  of  the  materials  constituting  the  higher 
plain  at  the  south  end  of  the  Tres  Hermanas  Mountains  are  exposed 
in  deep  railroad  cuts  east  of  Mimbres.  The  rise  of  the  railroad  grade 
here  is  333  feet,  but  the  only  good  exposures  are  in  cuts  through  the 
upper  deposits.  These  consist  of  soft  pebbly  sandstones  and  con- 
glomerates in  thick  beds  dipping  30°  ENE.  In  the  200- foot  rise  at 
the  western  edge  of  the  higher  plain  or  plateau  east  of  Arena  the 
materials  are  more  sandy,  and  in  places  there  are  soft  sandstones, 
which  are  probably  of  Quaternary  age  but  may  be  Tertiary. 

CENOZOIC  IGNEOUS  ROCKS.* 
CHA&AOTER  AHD  AGE. 

A  great  variety  of  younger  igneous  rocks  are  exposed  in  Luna 
County,  comprising  mainly  porphyry  of  several  varieties,  an  ex- 


^  The  petrographlc  descriptions  under  this  heading  have  been  supplied  by  John  L.  Rich. 
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tensive  series  of  latites,  andesites,  rhyolites  and  f elsitic  rhyolites,  and 
basalt.  The  porphyry  is  in  laccoliths  and  sills  cutting  strata  as  young 
as  late  Cretaceous  and  is  believed  to  be  of  early  Tertiary  age.  The 
latites,  andesites,  and  rhyolites  are  mainly  flows  included  in  a  great 
deposit  of  volcanic  agglomerate  and  other  fragmental  material,  re- 
garded as  of  later  Tertiary  age,  which  underlies  a  large  part  of  the 
region  and  rises  in  great  prominence  in  the  north  end  of  the  Florida 
Mountains  and  the  ridges  farther  north.  The  order  of  succession  of 
igneous  flows  in  the  agglomerate  series  is  andesite,  quartz  latite, 
olivine-bearing  andesite  or  quartz  basalt,  rhyolite  and  felsitic  rhyolite. 
Keratophyre  and  quartz  keratophyre  occur  in  dikes  and  thin  sheets, 
but  their  stratigraphic  position  is  not  clear,  and  there  is  also  some 
doubt  as  to  the  relative  position  of  the  felsitic  rhyolites.  The  basalt 
occurs  as  lava  flows  on  Quaternary  sediments  and  in  dikes. 

EABLY  TEXTZABY  ZaiTEOXrS  BOCODS. 
QUABTZ  MONZONITE  POBPHTBT  AND  BODIC  GRANITE  POSPHTRY. 

Distribution, — ^Large  masses  of  intrusive  porphyry  occur  in  Cooks 
Kange  west  of  the  great  fault,  and  Cooks  Peak  consists  of  that  rock. 
A  large  irregular  laccolith  about  3  miles  long  constitutes  the  greater 
part  of  Fluorite  Ridge.  There  are  several  dikes  and  sills  offshooting 
from  the  larger  masses,  notably  on  the  west  slope  of  Cooks  Range  at 
Cooks  post  office  and  in  Sarten  Ridge.  A  small  sill  of  similar  rock  is 
intruded  in  limestone  south  of  Victorio  Peak.  Another  small  mass 
appears  in  a  butte  3  miles  east  of  Arena,  and  dikes  of  similar  rock 
cut  granite  south  of  Capitol  Dome.  The  porphyry  cuts  strata  from 
Cambrian  to  later  Cretaceous  in  age  and  probably  also  cuts  the  ag- 
glomerate or  a  part  of  it.  It  appears,  however,  to  be  older  than  any 
of  the  great  flows  in  the  agglomerate  series.  Therefore  it  is  believed 
to  be  of  early  Tertiary  age. 

Character, — ^There  is  considerable  variation  in  the  character  of 
the  rock  which  ranges,  with  all  gradations,  from  sodic  granite  por- 
phyry to  quartz  monzonite  porphyry  and  even  to  granodiorite  por- 
phyry. The  porphyry  in  Fluorite  Ridge  and  along  the  south  side  of 
the  Cooks  Peak  mass  has  a  dark-gray  groundmass  with  white  feld- 
spar phenocrysts  and  abundant  small  hornblendes,  while  about  Cooks 
Peak  the  groundmass  is  much  lighter  in  color,  the  feldspar  pheno- 
crysts are  larger,  and  the  hornblende  is  much  less  abundant. 

Petrography, — ^The  sodic  granite  porphyry  from  Fluorite  Ridge, 
which  may  be  regarded  as  typical  for  the  northern  part  of  the  area, 
is  a  porphyritic  gray  rock  with  phenocrysts  of  feldspar  (mainly 
albite),  hornblende,  biotite,  and  quartz  in  a  dark-gray  felsitic 
groundmass.     Hornblende  and  biotite  in  about  equal  proportions, 
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generally  more  or  less  altered  to  chlorite,  occur  in  subordinate 
amounts.  Quartz  phenocrysts,  many  of  them  resorbed,  are  moder- 
ately abundant.  The  groundmass  is  essentially  orthoclase  and  quartz 
with  a  little  albite  and  augite. 

The  dikes  and  sills  extending  out  from  the  larger  masses  present 
some  variations  from  these  features,  either  in  a  diminished  amount  of 
quartz,  with  increase  in  the  proportion  of  hornblende,  which  occurs 
characteristically  as  long  crystals,  in  places  crossed  or  even  as  rosettes, 
or  in  a  change  to  the  more  calcic  feldspars — oligoclase  and  andes- 
ine — ^which  mark  the  transition  to  typical  quartz  monzonite  por- 
phyry. The  rock  from  the  south  slope  of  Fluorite  Ridge  is  repre- 
sentative of  these  quartz  monzonite  porphyries.  The  phenocrysts 
are  mainly  andesine  grading  to  albite  in  the  outer  zones,  biotite, 
and  quartz.  The  groundmass  is  a  mosaic  of  quartz  and  orthoclase. 
The  porphyry  1^  miles  south  of  Cooks  Peak  contains  more  horn- 
blende, a  little  more  calcic  feldspar,  and  less  quartz  in  the  ground- 
mass  than  the  rock  just  described  and  is  typical  quartz  monzonite 
porphyry,  as  is  also  the  rock  near  the  fault  2  miles  southeast  of  the 
peak. 

The  porphyry  in  the  mass  east  of  Arena  is  similar  to  the  rock  of 
Cooks  Range  but  has  larger  phenocrysts  of  andesine. 

Lindgren^  has  described  the  rock  of  Cooks  Peak  as  a  massive 
porphyry  of  gray  color  with  prominent  phenocrysts  of  andesine 
feldspar,  many  of  which  exhibit  marked  zonal  structure.  There  are 
also  a  few  crystals  of  hornblende  and  biotite ;  magnetite  is  relatively 
abundant,  the  groundmass  is  microcrystalline  granular  and  consists 
essentially  of  the  same  minerals,  together  with  quartz  and  orthoclase. 
The  ferromagnesian  minerals  are  partly  altered  to  chlorite.  Lind- 
gren  gives  the  following  chemical  analysis  and  norm : 

Analysis  of  porphyry  at  Cooks  Peak. 


[By  George  Steiger.] 


SIO,- 

Ai,a. 

FeO_. 
MgO-. 
CaO-- 


62.95 
15.91 
3.30 
1.37 
2.18 
4.46 


Na«0 
K,0- 
H,0_ 
T10,_ 

p»o._ 

MnO- 


4.05 

2.  95 

1.19 

.67 

.18 

.08 


BaO 

SiO_ 


0.03 
.03 


100.07 


Norm  of  porphyry  of  Cooks  Peak. 
[Calculated  by  B.  S.  Batler.] 


Quartz 16.  62 

Orthoclase 17.79 

Albite 34.06 

Anorthite 16.40 


Dlopslde 3. 89 

Enstatlte 3. 60 

Magnetite 2. 55 

Hematite 1. 60 


nmenlte 1. 37 

Apatite .  34 


98.22 


i  U.  B.  Oeol.  Surrey  Prof.  Paper  68,  p.  37,  1910. 
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In  the  qtinntitatlve  nysteni  the  rock  Is  a  dacose.  By  the  ordinary  dasBifl- 
oation  it  i8  host  (lesifoiatetl  as  a  ^o^nodiorite  porphyry,  as  it  oontains  too  much 
plagloclase  to  l)e  termed  a  quartz  nionz«inIte. 

OBANrrE  POaPHTST. 

Occurrence. — The  peaks  and  higher  portions  of  the  Tres  Hermanas 
Mountains  consist  of  a  ix)rphyritic  granite  or  granite  porphyry 
which  is  intruded  into  limestones  of  later  Carboniferous  age.  The 
mass  is  a  large  one,  for  the  igneous  rock  exposed  is  800  feet  or  more 
thick  and  occupies  an  elliptical  area  5  miles  long  by  2^  miles  wide. 
The  rock  cuts  across  and  penetrates  the  limestone  and  includes  huge 
masses  of  it.  The  sedimentary  rock  is  metamorphosed  into  marble 
near  the  contacts,  and  various  minerals  are  developed  along  them. 
The  porphyry  is  a  coarse-grained  rock  of  massive  structure  and 
relatively  uniform  character  throughout,  except  that  the  grain  is 
slightly  finer  near  the  contacts  with  limestone.  The  rock  is  of  light- 
gray  color,  but  it  weathers  to  a  light-brownish  tint,  and  the  porphy- 
ritic  character  is  brought  out  by  weathering.  A  small  mass  of  some- 
what similar  rock  crops  out  in  a  butte  10  miles  northeast  of  Arena, 
lying  on  agglomerate. 

Petrography. — ^The  rock  of  the  Tres  Hermanas  Mountains  has  the 
composition  of  granite  but  differs  considerably  in  aspect  and  compo- 
sition from  the  pre-Cambrian  granites  of  the  Florida  Moimtains  and 
the  area  to  the  north.  Lindgren  ^  calls  it  a  coarse  granite  porphyry 
and  gives  the  following  description  of  a  sample  collected  near  the 
zinc  mine: 

The  rf)rk  is  brownish  pray  and  contains  phenocrysts  of  orthoolase  op  to  15 
nillliinetcrH  In  lenjrth,  also  smiiU  foils  of  biotite  and  small  crystals  of  dark- 
^r(HMi  hornblende.  Some  oligoclasc  is  associateil  with  the  orthoclase;  the 
Kroundniass  is  niicropej^natitic,  consisting  of  quartz  and  orthoclase. 

Of  samples  collected  on  the  northern  slopes  of  the  moimtains  two 
were  found  to  contain  (luartz  in  normal  amount  for  a  granite, 
orthoclase,  the  most  abundant  feldspar,  with  small  amounts  of  oligo- 
clase  and  albite,  considerable  biotite,  and  some  hornblende.  An- 
other sample  from  the  northeast  corner  of  the  Tres  Hermanas  area 
had  abundant  quartz  and  albite,  considerable  orthoclase  and  horn- 
blende, and  a  small  amount  of  biotite. 

The  rock  in  the  butte  northeast  of  the  Birchfield  ranch,  in  the 
southeastern  corner  of  the  county,  contains  abundant  quartz  and 
albite  as  the  principal  feldspar.  Ferromagnesian  (mafic)  minerals 
are  scarce. 


1  Op.  clt.,  p.  38. 
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LATEK  TESTL4BT  IQVE0TI3  R0CX8. 
GE29ESAL   KELATIONS. 

The  series  of  eruptive  sheets  interbedded  at  several  horizons  in  the 
great  succession  of  agglomerates  and  other  fragmental  rocks  under- 
lying much  of  Luna  County  comprises  rocks  of  various  kinds,  mostly 
in  widespread  flows.  These  rocks  crop  out  most  extensively  in  the 
ridges  extending  along  the  east  side  of  Cooks  Range  and  constituting 
the  southern  extension  of  that  range.  The  Little  Florida  Mountains 
contain  a  thick  eruptive  sheet;  the  Cedar  Grove  Mountains,  Carriza- 
lillo  Hills,  Fourmile  Hills,  and  Taylor  Mountain  consist  of  a  succes- 
sion of  flows  and  tuffs,  and  there  are  extensive  flows  in  the  Cow 
Spring  Hills  and  on  the  flanks  of  the  Tres  Hermanas  Mountains. 
Grandmother  and  Bed  Mountains  and  the  high  northern  ridge  of  the 
Victorio  Mountains  consist  of  igneous  rocks.  Smaller  areas  appear 
in  the  Midway  and  Burdick  hills,  the  hills  north  and  east  of 
Arena,  and  a  number  of  low  mounds  rising  out  of  the  bolson.  There 
are  also  many  dikes  and  a  few  stocks,  and  doubtless  extensive  areas 
are  hidden  beneath  the  bolson  deposits.  In  the  great  succession  of 
flows  and  agglomerates,  tuffs,  and  ash  on  the  east  side  and  south  end 
of  Cooks  Range  there  is  a  wide  area  in  which  the  sheets  dip  5^  to 
40^  NE.,  indicating  a  thickness  of  more  than  2,000  feet,  allowance 
being  made  for  some  duplication  of  outcrops  by  faulting.  From  two 
to  six  thick  sheets  of  eruptive  rocks  are  interbedded  in  the  succession. 
Some  of  them  are  of  great  extent  but  others  are  small,  so  far  as  can 
be  judged  from  outcrops.  The  largest  flows  in  this  area,  which  are 
near  the  middle  of  the  series,  consist  of  latite.  The  flows  below  the 
latite  are  andesite  and  those  above  are  andesite,  quartz  basalt,  and 
rhyolite.  In  the  Little  Florida  Mountains  the  agglomerate  includes 
a  thick  sheet  of  felsitic  or  vitreous  rhyolite  with  local  intrusions  of 
keratophyfe.  The  thick  mass  of  agglomerate  at  the  north  end  of  the 
Florida  Moim tains  consists  largely  of  fragmental  material  with  thin 
local  sheets  of  keratophyre.  The  total  thickness  of  the  succession  in 
the  mountains  appears  to  be  between  1,700  and  1,800  feet  in  the  great 
eastward-dipping  mass  which  rises  out  of  the  bolson.  The  relations 
of  these  three  large  series  of  volcanic  rocks  to  one  another  is  not 
known,  but  the  mass  in  the  Little  Florida  Mountains  appears  to  be 
stratigraphically  higher  than  the  mass  in  the  Florida  Mountains  and 
probably  represents  at  least  a  portion  of  the  series  appearing  in  Cooks 
Range.  The  agglomerates  are  described  on  pages  45-50.  The  wide 
area  of  agglomerate  northeast  of  Cooks  Range  was  not  examined  in 
detail  and  it  contains  several  sheets  of  eruptive  rock  which  are  not 
shown  on  the  map  (PL  I). 
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Q0ABTZ   LATITB. 

Relations  and  character. — The  latite  occurs  mainly  as  flows,  most 
of  them  thick  and  of  great  extent,  interbedded  at  several  horizons 
among  the  agglomerate  and  other  pyroclastic  deposits.  Some  of  the 
masses  are  dikes  in  the  agglomerate,  doubtless  feeders  of  surface 
flows.  The  largest  outcrops  are  in  the  south  end  of  Cooks  Range 
and  in  the  Cedar  Grove  Mountains.  The  rocks  are  compact  but 
mostly  coarse  grained,  of  purplish-gray  color,  and  of  more  or  less 
porphyritic  character,  showing  light-colored  feldspar,  dark  horn- 
blende, and  in  most  specimens  biotite.  Some  are  dark  gray  and 
vesicular,  others  are  of  lighter  color  and  include  considerable  tuff, 
and  many  of  them  are  more  or  less  deeply  weathered.  The  rocks  vary 
somewhat  in  mineral  constitution,  mainly  in  the  amount  of  augite, 
which  is  lacking  in  some  of  the  masses,  and  in  quartz,  which  as  a  rule 
occurs  in  greater  or  less  amount  in  the  groundmass.  Some  of  the 
latite  resembles  the  andesites,  but  differs  in  containing  a  larger 
amount  of  potash  feldspar,  a  distinction  discernible  only  under  the 
microscope ;  generally,  however,  the  latites  are  much  coarser  grained 
and  of  lighter  color.  Varieties  of  the  latite  are  difficult  to  separate 
in  the  field,  and  apparently  they  occur  not  only  in  separate  flows  but 
in  different  portions  of  the  same  mass. 

Distribution, — ^The  largest  bodies  of  latite  constitute  the  crest  and 
part  of  the  slopes  of  the  Cedar  Grove  Mountains  and  of  the  south 
end  of  Cooks  Range  5  miles  west  and  southwest  of  Florida  station. 
At  the  latter  place  there  are  two  principal  sheets  separated  by  a 
varying  thickness  of  agglomerate,  ash,  and  other  fragmental  de- 
posits, all  dipping  10^-15°  NE.  Each  of  these  sheets  is  probably 
made  up  of  a  succession  of  outflows.  Another  thick  mass  is  inter- 
bedded in  the  agglomerate  4  miles  northwest  of  Fort  Cummings, 
probably  at  the  same  horizon  as  the  others,  and  there  is  an  extensive 
sheet  in  the  Fourmile  Hills  and  the  slopes  to  the  northr  Smaller 
detached  outcrops  of  latite  appear  in  the  Burdick  Hills,  in  the  slopes 
3  miles  southeast  of  Waterloo,  and  in  a  low  knoll  2  miles  east  of  the 
76  ranch.  Some  of  these  may  represent  flows  of  considerable  size, 
and  possibly  some  may  be  dikes,  but  their  structural  relations  are  not 
exposed.  In  the  outcrop  2  miles  north  of  Mirage  a  dike  of  latite 
cuts  the  agglomerate. 

In  the  ridges  south  of  Fort  Cummings  and  in  a  small  outcrop  west 
of  Florida  station  the  rhyolite  is  overlain  by  a  thin  sheet  of  brown 
latite  containing  augite,  the  highest  horizon  at  which  latite  has 
been  observed  in  this  region.  Augite-bearing  latite  predominates  in 
the  Cooks  Range  area,  and  latite  with  little  or  no  augite  constitutes 
the  mass  3  miles  northwest  of  Fort  Cummings,  a  small  intermediate 
flow  1  mile  northeast  of  the  Wilson  ranch,  a  small  mass  1^  miles 
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southwest  of  Fort  Cummings,  and  some  masses  in  the  Burdick  Hills 
and  Cedar  Grove  Mountains  and  possibly  in  other  places. 

Petrography. — Most  of  the  latite  is  pink  to  purplish  in  color,  mod- 
erately compact,  and  porphyritic.  Phenocrysts  constitute  about  one- 
third  of  the  rock.  In  order  of  abundance  they  are  andesine-labra- 
dorite,  brown  hornblende,  augite,  and  biotite  in  scattered  large  crys- 
tals. They  lie  in  a  felsitic  groundmass,  consisting  mainly  of  minute 
laths  of  feldspar,  much  of  which  is  orthoclase,  and  in  many  of  the 
rocks  there  is  also  considerable  quartz  in  the  groundmass.  The  feld- 
spar phenocrysts  are  commonly  zonal  and  bordered  by  a  rim  of 
minute  inclusions.  In  most  exposures  the  ferric  minerals,  particu- 
larly hornblende  and  biotite,  are  considerably  altered.  In  many  of 
the  masses  augite  is  lacking,  but  in  others  it  occurs  in  considerable 
amount.  Pleochroic  apatite  is  a  characteristic  accessory  mineral. 
The  quartz  in  the  groundmass  is  as  a  rule  difficult  to  distinguish. 
Determinations  of  silica  in  three  specimens  by  Chase  Palmer  in  the 
laboratory  of  the  United  States  Geological  Survey  gave  64.75,  60.94, 
and  58.93  per  cent,  which  indicate  the  presence  of  free  silica.  The 
first  of  these  specimens  was  taken  from  the  upper  part  of  the  large 
flow  north  of  the  Wilson  ranch,  the  second  from  a  thin  flow  2\  miles 
southwest  of  Florida  station,  and  the  third  from  a  fragment  in 
agglomerate  in  the  Goodsight  Mountains. 

One  of  the  dikes  cutting  the  agglomerate  2  miles  northeast  of 
Mirage  siding  contains  augite.  The  extensive  sheet  on  the  northern 
slope  of  the  Fourmile  Hills  is  identical  with  some  of  the  latite  west 
of  Florida  station.  It  consists  of  phenocrysts  of  andesine-labra- 
dorite,  brown  hornblende,  augite,  and  brown  mica  in  a  dense  felsitic 
groundmass.  The  latite  on  the  summit  of  the  Cedar  Grove  Moim- 
tains  at  the  Smith  ranch  and  a  sample  from  the  west  end  of  the  range 
consist  of  phenocrysts  of  andesine  and  brown  hornblende  in  a  semi- 
vitreous  purplish-brown  quartz-bearing  groundmass.  The  rock  ex- 
posed 3  miles  southwest  of  the  76  ranch  contains  augite.  The  latites 
in  the  Burdick  Hills  are  nonaugitic.  One  of  them  is  dark  red  to 
maroon  in  color,  slightly  besicular,  and  moderately  porphyritic,  with 
phenocrysts  of  hornblende  and  white  or  colorless  feldspar.  The  rock 
in  the  large  mass  due  west  of  Midway  station  is  dense  and  rather 
poor  in  phenocrysts,  particularly  of  the  femic  minerals.  All  have  a 
dense  matrix,  apparently  containing  much  orthoclase. 

The  rock  of  the  sheet  on  the  main  road  across  the  Cedar  Grove 
Mountains,  north  of  the  Williams  ranch,  has  abundant  brown  horn- 
blende in  a  peculiar  partly  devitrified  groundmass.  Closely  similar 
rock  occurs  in  the  sheet  half  a  mile  south  of  Hermanas  station.  The 
rock  capping  a  foothill  of  the  Tres  Hermanas  Mountains  southeast 
of  Waterloo  is  also  a  hornblende  latite. 
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ANDESITE. 


Character  and  occurrence. — ^The  andesites  differ  from  the  latites 
just  described  principally  in  having  a  groundmass  composed  mainly 
of  albite  or  oligoclase  instead  of  orthoclase.  Most  of  the  andesites 
of  this  region  appear  to  be  richer  in  soda  than  normal  andesites.  It 
is  difficult  to  distinguish  some  of  the  andesites  from  latite  in  the  field, 
especially  where  the  rocks  are  much  weathered,  but  most  of  the 
andesites  are  much  finer  grained  and  darker  colored  than  the  latite. 
The  andesites  present  considerable  variation  in  the  proportion  of  the 
dominant  ferromagnesian  minerals,  hornblende,  and  augite.  Most 
of  them  contain  augite  in  abundance,  but  some  have  little  or  none. 
The  andesites  occur  mostly  in  sheets  interbedded  in  the  agglomerate 
series,  and  although  some  of  these  sheets  are  higher  in  the  succes- 
sion than  the  latites  and  some  lower,  all  belong  to  the  same  general 
period  of  effusion.  A  number  of  andesite  dikes  cut  Paleozoic  strata, 
granite,  latite,  and -agglomerate.  A  sheet  of  andesite  about  450  feet 
thick  constitutes  the  high  northern  ridge  of  the  Victorio  Mountains. 
A  thinner  sheet  lying  on  agglomerate,  except  near  its  west  end, 
where  a  thin  sheet  of  felsitic  rhyolite  intervenes,  occurs  below  and 
above  the  latite  sheet  of  the  Cedar  Grove  Mountains,  separated  by 
more  or  less  tuff.  There  are  several  thin  sheets  of  andesite  in  the 
foothill  ridges  of  Cooks  Range  4  miles  west  and  southwest  of  Florida 
station,  at  a  horizon  somewhat  above  that  of  the  upper  long  sheet  of 
latite.  The  lower  one  is  about  80  feet  thick  and  extends  southeast- 
ward nearly  to  the  railroad.  The  others  are  thinner  and  appear  to 
lie  in  the  midst  of  a  thick  body  of  volcanic  ash  and  tuff.  One  thin 
sheet  of  latite  occurs  in  this  succession.  Another  sheet  of  andesite 
lies  a  short  distance  below  the  latite  in  the  hills  4  miles  northwest  of 
Fort  Cummings.  It  appears  to  be  200  to  300  feet  thick  and  is  flexed 
with  the  inclosing  agglomerate.  A  small  sheet  or  stock  of  similar 
andesite  occurs  a  short  distance  below  the  base  of  the  great  latite 
sheet  3  miles  northeast  of  Mirage  siding.  It  gives  rise  to  a  small 
knob  a  few  hundred  yards  west  of  the  railroad  and  is  inclosed  in  the 
agglomerate.  A  20- foot  dike  of  andesite  traverses  the  latite  of  the 
main  sheet  on  an  east-west  course  a  mile  northwest  of  this  locality, 
and  other  dikes  of  andesite  with  little  or  no  augite  appear  in  the 
agglomerate  area  2  miles  northeast  of  Mirage  siding.  One  of  these 
dikes  or  a  sheet  from  it  extends  to  the  railroad  and  is  exposed  in  a 
cut  for  100  feet.  Large  dikes  of  andesite  crop  out  in  Massacre  Peak, 
in  the  small  ridge  half  a  mile  to  the  west,  and  in  the  prominent  ridge 
just  north  of  Puma  Spring*  These  dikes  cut  the  agglomerate,  and 
the  mass  in  Massacre  Peak  is  a  stock.  The  dikes  in  the  ridge  next 
west  and  in  the  ridge  on  the  south  trend  northwest,  or  at  right  angles 
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to  the  large  masses.  A  dike  of  very  mafic  character  cuts  the  granite 
2^  miles  northeast  of  China  Tank.  Other  dikes  cut  the  granite  just 
south  of  Capitol  Dome,  in  the  Florida  Mountains.  A  thin  sheet  of 
andesite  occurs  in  the  agglomerate  at  Capitol  Dome  and  another  caps 
the  small  knob  of  agglomerate  in  the  faulted  block  a  mile  southeast 
of  Arco  del  Diablo.  A  small  outcrop  in  the  slope  west  of  the  Little 
Florida  Mountains  is  apparently  overlain  by  rhyolite.  These  rocks 
in  the  Florida  and  Little  Florida  mountains  show  little  or  no  augite. 
A  small  hill  of  andesite  lies  near  monument  14  of  the  Mexican 
boundary  and  a  thin  sheet  appears  in  the  tuff  and  agglomerate  a 
short  distance  below  the  main  latite  sheet  on  the  west  slope  of  the 
Fourmile  Hills.  Fragments  of  andesite  occur  in  the  agglomerate  of 
the  Florida  Mountains,  in  Red  Mountains,  and  in  Cooks  Range. 

Petrography. — ^The  andesites  are  characterized  by  medium  dark 
color  inclining  toward  purple  tones.  All  are  fine  grained  and  com- 
pact and  none  are  vesicular.  Fluidal  texture  is  common.  Pheno- 
crysts  of  feldspar  (oligoclase-andesine  to  labradorite),  brown  horn- 
blende, augite,  and  rarely  biotite  are  embodied  in  a  finely  crystalline 
groimdmass  rich  in  albite.  Chlorite  and  d&lcite  are  common  secondary 
products,  and  magnetite,  titanite,  and  apatite  are  the  usual  acces- 
sory minerals. 

The  andesite  sheet  in  the  Yictorio  Mountains  is  a  massive  purplish- 
gray  rock  with  feldspar,  hornblende,  and  biotite  phenocrysts  in  a 
dense  groundmass.  ' 

The  sheet  of  andesite  on  the  south  side  of  the  Cedar  Grove  Moun- 
tains is  closely  similar  to  the  sheet  above  the  latite  near  the  Smith 
ranch,  on  the  opposite  side  of  the  mountains,  and  also  to  the  intru- 
sive mass  of  Massacre  Peak.  The  lower  sheet  of  andesite  4  miles 
southwest  of  Florida  station  differs  from  all  the  other  andesites  in 
containing  numerous  phenocrysts  of  unaltered  green  hornblende  in- 
stead of  the  usual  brown  hornblende.  It  has  little  or  no  augite. 
The  next  higher  flow,  a  thin  cme,  is  an  andesite  of  the  normal  type, 
with  brown  hornblende  and  abundant  augite.  The  next  sheet  con- 
tains but  little  augite  and  approaches  keratophyre,  while  the  upper- 
most sheet,  which  lies  above  considerable  agglomerate,  is  a  horn- 
blende andesite  bordering  on  latite. 

The  anc^esite  occurring  in  dikes  shows  no  special  characteristics 
but  is  finer  grained  and  darker  colored  than  that  of  the  sheets. 

QUABTZ    BASALT. 

Distrifyidion  and  eharacter, — ^In  the  {"egion  south  and  southwest 
of  Fort  Cmnmings  the  igneous  sheet  next  above  the  latite  consists 
of  a  dark-colored,  moderately  coarse-looking,  distinctly  porphyritic 
rock,  with  white  phenocrysts  of  striated  feldspar  embedded  in  a 
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purplish-gray  aphanitic  groundmass.  In  composition  it  ranges  from 
quartz  basalt  to  olivine-bearing  andesite,  but  all  of  it  is  of  the  same 
general  appearance  and  very  unlike  the  igneous  rocks  above  and  be- 
neath it  Parts  of  the  rock  now  contain  no  olivine,  but  Apparently 
its  absence  is  due  to  alteration,  as  in  some  specimens  there  are  out- 
lines of  an  altered  mineral  which  appears  to  indicate  its  former 
presence.  The  largest  exposures  are  in  the  center  and  east  slope 
of  the  large  dome-shaped  uplift  half  a  mile  south  of  Fort  Cum- 
mings,  where  it  has  been  bared  by  the  removal  of  the  overlying 
rhyolite  and  ash.  It  is  also  exposed  along  the  bases  of  the  ridges 
2  and  3  miles  south  of  the  fort,  where  the  outcrop  is  repeated  by 
faulting,  and  remnants  of  a  widespread  sheet  cap  some  of  the  ridges 
on  both  sides  of  the  main  road  east  and  north  of  Massacre  Peak.  An 
interrupted  outcrop  zone  also  extends  along  the  slopes  south  and 
southeast  of  that  peak  on  the  west  slope  of  the  structural  dome.  The 
south  westernmost  exposure  is  a  quarter  of  a  mile  northwest  of  Puma 
Spring.  The  sheet  is  at  least  200  feet  thick  in  the  dome  south 
of  Fort  Cunmiings,  but  it  is  thinner  to  the  west  and'  is  probably 
discontinuous  in  places  alotig  the  western  margin  of  its  outcrop. 
In  the  center  of  the  dome  south  of  the  fort  the  lowest  rock  appears 
to  be  coarser  grained  than  the  main  body  above.  The  latter  is 
overlain  by  a  series  consisting  of  tuff,  agglomerate,  and  ash  contain- 
ing a  thin  sheet  of  andesite,  which  extends  to  the  base  of  the  thick 
rhyolite  shbet  capping  the  main  ridge.  This  relation  is  general 
throughout  the  area  south  and  southwest  of  the  fort,  but  the  inter- 
vening body  of  pyroclastic  rocks  ranges  from  40  to  150  feet  in  thick- 
ness. Below  the  sheet  of  quartz  basalt,  between  it  and  the  top  of 
the  main  latite  body,  there  is  also  some  agglomerate.  This  relation 
is  well  exposed  in  the  outcrop  2  miles  west  of  the  fort,  where  40  feet 
of  ash  intervenes  between  the  two  sheets. 

Petrography. — ^The  quartz  basalts  show  moderately  abundant 
phenocrysts  of  feldspar  (andesine-labradcrrite),  biotite,  hornblende 
(represented  in  most  specimens  only  by  characteristic  outlines  filled 
with  secondary  alteration  products),  and  olivine  (also  generally 
altered,  either  to  iddingsite  or  to  serpentine) .  These  minerals  lie  in 
an  aphanitic  groundmass  composed  of  small  plagioclase  laths,  augite 
rods,  and  magnetite  specks  in  a  matrix  of  poorly  crystallized  feld- 
spar, some  of  it  apparently  orthoclase.  The  rocks  from  different 
outcrops  vary  somewhat  in  the  proportions  of  olivine  and  orthoclase, 
and  therefore  range  in  composition  from  olivine-bearing  latites  to 
basalts. 

Quartz  in  xenocrysts  as  much  as  1.1  millimeters  in  diameter  is  a 
common  constituent.  The  quartz  crystals  are  bordered  by  reaction 
rims  of  augite,  and  most  of  them  show  resorption. 
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KEBATOPHYBE. 

Distribution  and  relations, — Keratophyre,  some  of  it  grading  to 
quartz  keratophyre,  occurs  in  sheets  and  dikes  at  a  number  of  places 
in  Luna  County.  The  largest  mass  is  one  which  partly  encircles  the 
Tres  Hermanas  Mountains,  where  it  separates  the  porphyry  and 
felsitic  rhyolite.  A  small  sheet  caps  agglomerate  just  east  of  the 
Cedar  Grove  ranch.  A  small  outcrop  of  keratophyre  extends  for  a 
short  distance  along  the  foot  of  the  west  slope  of  the  Little  Florida 
Mountains,  as  shown  in  section  B,  figure  7  (p.  78).  Its  relations  are 
not  well  exposed,  but  it  api>ears  to  cut  or  be  faulted  against  the 
obsidian  and  tuflf  deposits  that  underlie  the  main  sheet  of  felsitic 
rhyolite.  A  wide  dike  of  the  same  rock  cuts  the  rhyolite,  obsidian, 
and  tuff  succession  at  the  southeast  comer  of  the  same  range.  The 
rocks  here  consist  mostly  of  thin,  nearly  vertical  plates  of  reddish 
color.  Thin  sheets  of  keratophyre  or  of  tuff-  of  nearly  the  same 
material  are  interbedded  in  the  lower  members  of  the  pyroclastic 
series  near  Capitol  Dome.  A  large  vertical  northeast-southwest 
dike  of  keratophyre  20  to  80  feet  wide  in  places  and  nearly  a  mile 
long  cuts  thd  agglomerate  4  miles*  northwest  of  China  Tank  and  crops 
out  as  a  long,  narrow  ridge.  It  has  two  short  branches  near  its 
middle.  A  similar  dike  with  nearly  the  same  thickness  and  trend 
crosses  the  bolson  slope  \\  miles  farther  south.  A  small  dike  cuts 
the  El  Paso  limestone  half  a  mile  north  of  Capitol  Dome,  and  other 
similar  dikes  are  in  the  granite  west  and  south  of  the  dome.  A  short 
distance  south  of  Arco  del  Diablo  a  large  dike  of  keratophyre  extends 
from  the  bottom  of  the  mountain  nearly  to  the  top.  'It  ranges  in 
width  from  15  to  25  feet  in  greater  part  and  cuts  the  granite  for 
1,000  feet  or  more.  As  it  is  softer  than  the  granite,  its  course  is 
marked  by  a  deep  ravine  up  the  slope,  in  parts  of  which  the  relations 
are  clearly  exposed.  Along  the  contact  on  each  side  much  epidote  is 
developed  in  nodules  arranged  parallel  to  the  granite.  The  kerato- 
phyre of  the  Tres  Hermanas  Mountains  appears  to  be  a  sheet  sur- 
rounding the  porphyry  and  in  part  uplifted  in  the  general  dome- 
shaped  uplift  of  the  area.  Apparently  it  underlies  the  felsitic  rhyo- 
lite, which  has  flowed  over  the  irregular  surface  of  the  keratophyre, 
but  it  may  be  a  later  intrusion. 

Character. — ^The  keratophyre  is  a^  fine-grained  dark-gray,  highly 
sodic  rock,  with  little  or  no  quartz  and  with  subordinate  mafic  min- 
erals. Some  masses  have  a  lighter  greenish  tinge  due  to  grains  of 
epidote-  Most  of  the  rocks  are  apparently  intermediate  between 
andesites  and  the  felsitic  rhyolites  and  quartz  keratophyres.  Their 
texture  is  generally  felsitic,  but  they  show  a  tendency  toward  the 
development  of  small  phenocrysts  of  feldspars  less  than  0.5  milli- 
meter long. 


62  LUNA  COUNTY,  NEW  MEXICO. 

Petrography, — ^The  microscope  reveals  a  well-developed  porphy- 
ritic  fabric.  Small  phenocrysts  of  feldspar  ranging  from  albite  to 
oligoclase  lie  in  a  microfeLsitic  groundmass  apparently  made  up 
largely  of  albite.  Calcite  and  epidote  have  replaced  any  mafic  min- 
erals which  may  have  been  present.  The  keratophyre  of  the  Tres 
Hermanas  Mountains  does  not  differ  essentially  from  the  type.  The 
rock  of  the  sheet  on  the  side  of  the  Cedar  Grove  Mountains  is  a 
little  more  basic  than  the  others  but  is  closely  related. 

The  dikes  of  quartz  keratophyre  traversing  the  granite  west  of 
Capitol  Dome  have  orthoclase  phenocrysts  as  much  as  5  millimeters 
long,  rather  sparsely  distributed  in  a  microgranular  gi*oundmass  of 
quaitz  and  albite  with  a  little  magnetite.  The  phenocrysts  are  of 
local  development,  for  some  of  the  rock  contains  none. 

RHYOLITB. 

Distribution  and  relations. — Rhyolite  occurs  at  many  places  in 
Luna  County,  but  the  largest  masses  are  parts  of  a  widely  extended 
sheet  or  succession  of  sheets  lying  not  far  above  the  quartz  basalt 
west  and  south  of  Fort  Cummings.  Originally  this  sheet  probably 
extended  over  a  wider  area  toward  the  west  and  it  has  been  removed 
from  the  wide  dome  about  Massacre  Peak.  The  easterly  dip  carries 
it  beneath  the  bolson  southeast  of  the  fort,  and  it  may  extend  under- 
ground in  that  direction  for  some  distance.  A  large  area  of  similar 
rock  forms  the  southeastern  slope  of  the  Cow  Spring  Hills,  and  it 
also  occurs  in  the  west  end  of  the  Klondike  Hills  and  the  eastern 
and  southern  parts  of  the  Carrizalillo  Hills.  A  thin  sheet  lies  on 
the  agglomerate  on  the  west  slope  of  the  Cedar  Grove  Mountains 
north  to  the  Williams  ranch  and  also  in  the  slopes  east  of  Cow 
Spring.  The  large  area  northeast  of  the  Grandmother  Mountains 
consists  of  three  sheets  120  feet  thick  lying  on  150  feet  of  ash  and  fine 
tuff,  apparently  in  a  block  uplifted  above  the  felsitic  rhyolite  to  the 
north.  The  upper  sheet  is  light  colored,  the  lower  one  brownish, 
both  are  massive  and  each  is  about  60  feet  thick.  A  thin  bed  of 
darker  rock  separates  these  sheets.  All  the  rocks  appear  to  be  closely 
similar  in  mineralogic  character.  A  dike  of  similar  rock  appears 
on  the  west  side  of  the  Little  Florida  Mountains  and  there  is  a  small 
outcrop  of  it  near  the  north  end  of  that  range.  Other  small  expo- 
sures are  found  in  the  Burdick  Hills  and  in  a  small  knoll  4  miles 
west  of  Black  Mountain.  A  small  sheet  caps  the  hill  of  agglomerate 
east  of  Fluorite  Camp,  and  another  mass  rises  out  of  the  bolson  in 
a  low  knoll  half  a  mile  southeast  of  the  camp.  A  small  outlier  rises 
into  a  prominent  knob  half  a  mile  northeast  of  Massacre  Peak.  It 
dips  east  and  owes  its  presence  here  to  a  fault.  The  extensive  sheet 
south  and  west  of  Fort  Cummings  is  about  100  feet  thick  and  lies 
on  volcanic  ash  and  tuff  20  to  150  feet  thick,  which  separates  it  from 
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the  underlying  quartz  basalt.  In  most  places  it  consists  of  two 
flows,  the  lower  one  light  colored  and  coarse  grained,  the  upper  one 
pinkish  and  fine  grained.  At  one  place  on  the  ridge  1^  miles  south 
of  the  fort  these  flows  are  separated  by  a  local  bed  of  volcanic  ash 
15  feet  thick.  In  part  of  this  area  also  there  is  another  sheet  30  feet 
thick  100  feet  below.  No  overlying  beds  are  exposed  except  near 
Fort  Cummings,  where  the  much  younger  basalt  appears. 

Character. — ^The  rhyolite  presents  some  diversity  in  appearance 
though  but  little  in  composition.  In  texture  it  ranges  from  com- 
pact semivitreous  to  dense  porphyritic  rock  with  prominent  pheno- 
crysts  of  quartz,  feldspar,  and  mica.  In  color  it  ranges  from  white 
in  the  more  vesicular  varieties  through  vaiying  shades  of  gray  and 
pink,  the  latter  locally  inclining  to  purple  tones.  Its  mineral  com- 
position is  uniform.  It  consists  of  a  glassy,  axiolitic,  partly  devitri- 
fled  groundmass,  in  which  are  phenocrysts  of  quartz,  sanidine, 
plagioclase,  biotite,  and  usually  brown  hornblende.  Biotite  is  present 
in  all  specimens,  but  the  hornblende  is  moderately  abundant  in  some 
places  and  absent  in  others. 

Petrography. — ^The.  dense  porphyritic  rock  of  the  large  sheet  1^ 
miles  southwest  of  Fort  Cummings  is  representative  of  the  rhyolite 
as  a  whole.  It  is  pinkish  and  shows  small  phenocrysts  of  quartz, 
feldspar,  hornblende,  and  biotite  in  a  pink  felsitic  groundmass.  The 
biotite  flakes  are  mostly  of  characteristic  coppery-brown  color. 
Quartz  phenocrysts  are  abundant.  They  are  commonly  corroded  and 
many  of  them  have  been  fractured  subsequent  to  the  corrosion, 
probably  as  a  result  of  flow  movement  in  the  cooling  lava. 

The  feldspars  consist  of  sanidine  and  plagioclase  in  about  equal 
proportions.  The  plagioclase  differs  somewhat  in  composition,  but 
in  general,  as  indicated  by  the  index  of  refraction,  it  corresponds 
with  sodic  andesine,  approaching  oligoclase.  The  feldspar  pheno- 
crysts, like  those  of  quartz,  are  both  resorbed  and  fractured,  the 
plagioclase  in  particular  showing  marked  corrosion.  Hornblende  is 
conspicuous,  though  nowhere  so  abundant  as  biotite.  The  ground- 
mass  is  notably  axiolitic  and  contains  considerable  glass.  Accessory 
minerals  are  titanite,  in  crystals  nearly  0.5  millimeter  in  length,  and 
magnetite.    The  ratio  of  groundmass  to  phenocrysts  averages  about 

3  to  1. 

Other  specimens  of  rhyolite  differ  from  the  typical  rock  above 
described  in  several  respects.  In  color  they  range  from  white  through 
varying  shades  of  gray  and  pink,  and  in  texture  from  moderately 
vesicular  to  compact,  almost  glassy.  In  some  places  the  rock  contains 
abundant  fragments  of  pumice.  In  mineral  composition  there  is 
variation  in  the  proportions  of  the  feldspar  phenocrysts,  plagioclase 
being  slightly  in  excess  in  some  of  the  rocks  and  sanidine  in  others. 
The  hornblende  also  varies  in  proportion,  and  in  some  of  the  masses 
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it  is  absent.  The  proportion  of  glass  in  the  groundmass  varies,  and 
a  black  obsidian  from  the  west  base  of  the  Little  Florida  Mountains 
is  almost  wholly  glass. 

FKLSITIC   RHYOLITE. 

Distribution, — Felsitic  rhyolite,  or  dacite,  of  slightly  varying  com- 
position crops  out  extensively  in  different  parts  of  Luna  County. 
Some  occurs  in  the  form  of  irregular  masses,  as  in  the  Grandmother 
Mountains,  Red  Mountain,  Gray  Butte,  Cow  Cone,  and  the  White 
Hills,  probably  representing  the  stocks  of  old  volcanoes,  and  in  the 
Little  Florida  Mountains,  en  the  flanks  of  the  Tres  Hermanas  Moun- 
tains, in  the  Cow  Spring  Hills,  and  on  Taylor  Mountain  there  are 
sheets  of  similar  rock.  Small  masses  of  unknown  structure  rise 
out  of  the  bolson  in  the  Midway  Buttes  south  of  lola,  northeast  of 
Spalding,  3  miles  south  of  the  Victorio  Mountains,  in  slopes  west  of 
the  Little  Florida  Mountains,  on  the  Grant-Luna  county  line,  5 
miles  north  of  Cow  Cone,  and  in  hills  2  miles  southeast  of  Arena. 
Another  small  mass,  apparently  intrusive,  separates  rhyolite  from 
latite  in  a  hill  6  miles  west  of  lola.  A  long  dike  crosses  the  Florida 
Mountains  south  of  Arco  del  Diablo,  cutting  agglomerate,  the  Lobo 
*  formation,  and  granite. 

Relations. — ^In  the  Tres  Hermanas  Mountains  and  in  the  small 
butte  3  miles  east  of  Cow  Spring  the  felsitic  rhyolite  is  overlain 
by  basalt,  and  in  the  former  place  it  overlies  keratophyre.  These 
are  the  only  evidences  of  its  relation  to  other  igneous  rocks.  The 
sheet  in  the  Little  Florida  Mountains  appears  to  be  younger  than  a 
dike  of  hornblende-biotite  rhyolite  that  cuts  sediments  on  the  west 
slope  of  the  mountains,  but  the  evidence  of  this  is  not  conclusive. 
In  the  Gray  Butte  region  the  felsitic  rhyolite  appears  to  overlie  the 
other  rhyolite,  but  there  may  be  a  fault  between  them.  In  the  ridge 
4  miles  northwest  of  Gray  Butte  hornblende-biotite  rhyolite  occurs 
higher  on  the  slope  than  the  felsitic  rhyolite,  but  the  relations  of  the 
two  masses  are  not  clear. 

Character, — The  felsitic  rhyolite  is  fine  grained  and  mostly  white, 
though  in  places  it  is  brownish  red,  gray,  or  light  purplish  gray.  It 
varies  from  a  rock  near  normal  rhyolite  in  one  direction  toward 
quartz  keratophyre  or  toward  dacite  in  others,  but  the  differences 
can  not  be  recognized  in  the  field ;  and  on  account  of  the  small  size 
of  the  crystals  it  is  difficult  to  determine  the  varieties  with  certainty 
under  the  microscope.  There  is  probably  a  gradation  through  all 
stages  from  rocks  high  in  potash  to  those  high  in  soda. 

A  characteristic  of  the  felsitic  rhyolite  is  its  micrographic  texture. 
Spherulitic  fabric  also  is  perfectly  developed  in  some  of  the  rocks. 
A  chalky  appearance  and  texture  is  a  further  peculiarity  of  most 
of  them.    Part  of  the  larger  sheet  in  the  Little  Florida  Mountains  is 
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vitreous,  in  places  containing  some  f  ragmental  material  in  its  lower 
part  and  near  the  center  of  the  mountains  showing  much  silicification. 
Much  of  it  is  pale  brownish  pink. 

Petrography. — ^The  typical  felsitic  rhyolite  in  Red  Mountain  and 
the  White  Hills  is  almost  pure  white,  of  perfectly  uniform  felsitic 
texture,  and  almost  entirely  free  from  phenocrysts.  The  micro- 
scope shows  orthoclase  and  abundant  quartz  in  micropegmatitic 
intergrowth.  Spherulites,  mainly  of  feldspar,  are  recognizable,  but 
are  not  so  prominent  as  in  many  of  the  other  masses.  Femic  min- 
erals are  represented  only  by  scattered  specks  of  iron  oxide,  mostly 
hematite,  and  a  very  little  biotite.  Zircon  is  a  moderately  abundant 
accessory.  The  rock  from  the  small  masses  east  of  Arena  is  closely 
similar,  but  has  scattered  phenocrysts  of  biotite  and  oligoclase.  The 
rock  on  the  northwest  slope  of  Taylor  Mountain  is  a  white,  fine- 
grained rock  with  a  few  phenocrysts  of  oligoclase-andesine,  a  little 
brown  hornblende,  and  a  subordinate  amount  of  interstitial  quartz. 
The  rock  of  Cow  Cone  is  nearly  white  and  fine  grained,  and  consists 
of  very  small  phenocrysts  of  oligoclase-andesine,  and  a  few  flakes 
of  biotite  in  a  micrographic  groundmass  rich  in  albite  and  contain- 
ing a  very  little  quartz.  The  rock  in  massive  ledges  at  the  north 
end  of  the  Cow  Spring  Hills,  half  a  mile  southeast  of  Cow  Spring, 
has  a  minute  granular  texture  with  irregular  intergrowth  of  quartz 
and  albite,  the  latter  in  excess.  The  rock  from  the  Grandmother 
Mountains  has  a  granophyric  texture  with  no  well-marked  pheno- 
crysts. Interstitial  quartz  is  moderately  abundant.  The  feldspars 
appear  more  calcic  than  in  most  of  the  other  rocks  of  the  group. 
The  felsitic  rhyolite  in  the  northeastern  foothills  of  the  Tres  Her- 
manas  Mountains  is  very  similar  to  that  of  Bed  Mountain,  except 
that  it  shows  no  quartz.  The  lower  sheet  of  igneous  rock  in  the 
southwest  end  of  the  Victorio  Mountains  is  a  dark-gray  felsitic 
rhyolite  or  dacite.  A  10-foot  sheet  of  somewhat  similar  rock  of 
white  color  is  interbedded  on  the  north  side  of  the  ridge  near  its 
northwest  end.  In  the  massive  rock  at  the  base  of  the  main  flow  at 
the  middle  of  the  west  side  of  the  Little  Florida  Mountains  the 
rhyolite  is  vitreous,  reddish  brown,  add  somewhat  banded  in  struc- 
ture. It  contains  much  quartz,  which  is  due  to  silicification.  The 
orthoclase  is  radial,  and  th^e  is  some  blue  amphibole.  Some  of  the 
rock  at  the  north  end  of  the  mountains  is  similar  and  also  includes 
fragmental  matter.  ' 

RHYOLITE  FORPHYBY. 

Dikes  of  rhyolite  porphyry,  doubtless  closely  related  genetically 
to  the  rhyolites,  traverse  the  granite  west  of  Arco  del  Diablo  and  2 
miles  south  of  Gym  Peak  and  form  a  small  group  of  knolls  4  miles 
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southwest  of  lola.  All  are  closely  similar,  do  not  differ  greatly  from 
the  felsitic  rhyolite  in  appearance,  and  range  in  color  from  almost 
pure  white  to  light  pink.  They  have  a  microgranular  groundmass 
of  quartz  and  orthoclase,  through  which  are  scattered  small  pheno- 
crysts  of  quartz,  sanidine,  and  albite,  abundant  in  the  order  stated. 

QUABTZ  DIOBITE. 

A  body  of  quartz  diorite  crops  out  in  a  small  area  at  the  Hancock 
mine,  in  the  foothills  on  the  west  side  of  the  Tres  Hermanas  Moun- 
tains. Apparently  it  underlies  the  rhyolite.  The  rock  is  unlike  any 
others  found  in  the  county,  but  resembles  some  which  occur  near 
Silver  City.  It  consists  of  green  hornblende,  biotite,  augite,  and 
feldspar,  mainly  labradorite.  The  quartz  is  interstitial  and  not 
specially  abundant. 

aUATERKABY  lOVEOTTS  S00K8. 
BASALT. 

Distribution  and  relations. — The  youngest  volcanic  rocks  in  Luna 
County  are  flows  and  dikes  of  basalt.  These  flows  lie  on  and  per- 
haps are  also  interbedded  with  the  Quaternary  bolson  gravels,  which 
belong  to  the  latest  epoch  in  the  geologic  history  of  the  region.  A 
thick  sheet  of  the  basalt  caps  tuff  and  other  fragmental  deposits  in 
Black  Mountain  and  sinks  beneath  the  bolson  at  its  east  end.  A 
smaller  mass,  possibly  connected  underground,  rises  out  of  the  bolson 
2  miles  to  the  northwest.  Large  sheets  of  basalt  cap  the  Goodsight 
Mountains  and  the  northeastern  ridge  of  the  Cedar  Grove  Mountains. 
They  lie  on  sand,  tuff,  and  ash  deposits.  An  irregular  flow  underlies 
the  area  about  Fort  Cummings  and  rises  in  low  ridges  to  the  east  and 
west  of  the  fort.  Part  of  this  material  near  the  fort  is  very  spongy 
with  gas  cavities,  and  some  of  it  is  an  agglomerate  or  mud  flow. 
Flows  of  moderate  extent  appear  along  the  El  Paso  &  Southwestern 
Railroad  between  Mimbres  and  Hermanas  and  lie  on  the  south  slope 
of  the  Cedar  Grove  Mountains  at  the  Williams  ranch.  Two  masses 
rise  out  of  the  bolson  southeast  of  Tomerlin;  small  areas  constitute 
low  buttes  just  south  of  Colimibus,  in  the  gap  at  the  south  end  of  the 
Florida  Mountains,  and  both  sides  of  the  valley  east  of  Cow  Spring. 
A  thin  sheet  of  basalt  caps  the  buttes  on  the  northeast  end  of  the 
Tres  Hermanas  Mountains  and  the  butte  known  as  Black  Top,  on  the 
west  side  of  that  range,  in  both  places  lying  on  rhyolite.  A  small 
mass,  probably  a  flow,  crops  out  in  the  valley  6  miles  southwest  of 
lola.  Long,  narrow  dikes  of  basalt  cut  porphyry  and  sandstones  in 
Fluorite  Ridge,  and  a  small  dike  of  it  cuts  across  the  southwest  end 
of  Black  Mountain.    Other  dikes  cut  limestones  and  associated  rocks 
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5  miles  northwest  of  Fryingpan  Spring  and  at  Cooks  post  office. 
Two  dikes,  20  feet  wide,  with  branches  cut  tuff  1^  miles  south  of  Mas- 
sacre Peak,  and  others  cut  granite  south  of  Capitol  Dome. 

The  basalt  of  these  localities  is  a  fine-grained  black  rock  of  ex- 
ceptional hardness.  Some  of  the  rock  of  the  flows  contains  many  gas 
cavities,  but  the  dike  rock  is  dense  and  more  coarsely  crystalline. 

Petrography. — ^The  basalt  in  the  flows  is  nearly  uniform  in  appear- 
ance. The  commonest  sort,  such  as  that  of  Black  Mountain,  contains 
phenocrysts  of  feldspar  and  olivine,  the  latter  generally  clear  in  the 
center  but  changed  to  iddingsite  around  the  borders.  The  ground- 
mass  is  made  up  of  laths  of  labradorite,  between  which  are  packed 
small  anhedrons  of  augite,  olivine,  and  magnetite. 

The  basalt  of  the  other  flows  differs  from  that  above  described  only 
in  minor  particulars.  The  flow  at  Fort  Cummings  is  in  part  highly 
vesicular,  and  the  cavities  are  filled  with  thomsonite  and  heulandite. 
In  the  knoU  3  miles  east  of  Cow  Spring  the  basalt  is  very  fine 
grained,  black,  and  full  of  cracks  and  flow  lines  which  are  well 
brought  out  by  weathering.  It  is  a  sheet  40  feet  thick  and  lies  on 
tuff  and  felsitic  rhyolite.  The  basalt  capping  the  low  ridge  2|  miles 
farther  east  is  a  coarser-grained  rock  of  peculiar  brown  color, 
due  to  deep  weathering.  The  basalt  of  the  eastern  ridge  of  the 
Cedar  Grove  Mountains  is  fine  grained,  and  the  olivines  are  not  very 
abundant.  The  basalt  in  the  small  area  5  miles  southwest  of  lola  is 
probably  an  extension  of  the  same  flow. 

Certain  notable  features  appear  in  the  basalt  sheet  capping  the 
Goodsight  Mountains.  It  is  coarser  in  crystallization  than  most  of 
the  other  flows,  or  more  like  the  dike  forms.  It  shows  peculiar  rims 
of  clear  olivine  around  cores  of  the  red  variety,  except  where  the 
olivine  is  entirely  surrounded  by  the  feldspars  or  where  the  olivine 
crystals  adjoin  phenocrysts  of  feldspar;  in  other  words,  the  rim  is 
not  developed  between  olivine  and  feldspar.  This  relation  suggests 
two  periods  of  growth  of  the  olivine — one  producing  the  iddingsite 
prior  to  the  crystallization  of  the  feldspar  phenocrysts,  the  other 
and  later  doubtless  corresponding  in  time  with  the  crystallization  of 
the  augite  and  feldspar  of  the  groundmass. 

The  basalt  of  the  dikes  is  coarser  and  more  uniform  in  texture 
than  that  of  the  flows,  though  evidently  of  about  the  same  com- 
position. The  dike  cutting  the  agglomerate  at  the  west  end  of  Black 
Mountain  is  typical.  It  is  holocrystalline  and  almost  black.  Laths 
of  feldspar  as  much  as  2  millimeters  long  and  irregularly  shaped 
olivines  1  millimeter  or  less  in  diameter  lie  in  a  matrix  of  feldspar, 
olivine,  augite,  and  magnetite.  .Being  comparatively  fresh,  this  rock 
exhibits  the  beginning  of  an  alteration  of  the  olivine  to  felted  green 
and  brown  aggregates  of  talc  and  biotite.    In  the  other  dike  basalts 
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this  alteration  has  progressed  so  far  that  it  partly  obscures  the  origi- 
nal nature  of  the  rock. 

The  dikes  of  Fluorite  Kidge,  south  of  Capitol  Dome,  near  Cooks 
post  office,  and  5  miles  northwest  of  Fryingpan  Spring  are  closely 
similar  in  character,  but  the  rock  from  Fluorite  Eidge  is  more 
altered.  The  dikes  in  granite  south  of  Capitol  Dome  contain  much 
magnetite  in  specks  through  the  augites  and  even  in  the  feldspars. 

STBUCTTJRAL  GEOLOGY. 
GENERAL  FEATURES. 

Owing  to  the  fact  that  the  rocks  exhibiting  structure  are  in  iso- 
lated ridges  and  hills  widely  separated  by  bolsons,  it  is  not  possible  to 
determine  the  general  structure  in  Luna  County.  There  are  no 
visible  features  which  indicate  extensive  monoclines,  synclines,  or 
anticlines.  The  relations  in  the  Florida  Mountains  suggests  the  east 
limb  of  an  anticline,  but  the  Western  limb  of  the  flexure  is  not  ap- 
parent. Cooks  Kange  is  in  part  an  anticline  rising  to  the  north  and 
pitching  down  into  a  broad  syncline  at  the  south  end.  A  great  fault 
extends  along  the  east  side  of  the  main  Cooks  Range  with  a  drop 
of  several  thousand  feet  in  itj^  east  side,  but  no  other  longitudinal 
faults  of  any  great  displacement  were  observed.  Possibly  the  low- 
lands now  occupied  by  the  bolsons  are  down-faulted  blocks,  but 
there  is  no  evidence  of  it.  On  account  of  these  conditions  no  general 
cross  sections  of  the  region  are  presented  in  this  report,  and  the 
structure  of  each  ridge  or  outcrop  area  will  be  described  separately. 
In  general,  it  is  suggested  that  the  bolson  depressions  are  due  chiefly 
to  erosion  of  the  softer  rocks  of  the  later  formations,  notably  the 
soft  shale  and  sandstone  of  later  Cretaceous  and  early  Tertiary  ages, 
but  no  direct  evidence  on  this  matter  is  available. 

COOKS  RANGE. 
STTBDrTISIOKB. 

Cooks  Range  is  divided  into  two  very  distinct  geologic  districts  by 
the  great  fault  which  passes  along  the  east  side  of  the  range  and 
crosses  it  southwest  of  Fort  Cummings.  To  the  west  are  Paleozoic 
and  Mesozoic  limestones  and  sandstones,  penetrated  by  a  great  lacco- 
lithic  mass  of  porphyry;  to  the  east  is  the  agglomerate  series  with 
its  included  sheets  of  igneous  rocks.  Accordingly  these  two  portions 
will  be  described  separately  in  the  following  pages. 

XOXnfTAZHB  AVD  RZDGEB  WEST  OF  THE  OBEAT  FAVLT. 

The  dominant  feature  of  the  main  Cooks  Range  and  of  Cooks  Peak, 
its  culminating  summit,  is  a  large  laccolithic  mass  of  granodiorite 
porphyry.    This  rock  has  been  intruded  mainly  in  the  Lake  Valley 
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limestone,  but  locally  it  rises  across  the  strata  up  to  the  Sarten  sand- 
stone and  Colorado  shale.  The  sedimentary  rocks  have  in  general  a 
steep  dip  away  from  the  central  igneous  mass,  and  there  is  some 
faulting  along  the  flanks  of  the  uplift.  Several  separate  intrusions 
of  large  masses  of  porphyry  rise  in  ridges  to  the  southwest  and  south 
of  the  central  area,  but  these  are  much  more  irregular  in  their 
structural  relations  than  the  laccolith  of  Cooks  Peak.  The  salient 
features  of  the  main  Cooks  Range  are  shown  in  the  sections  of 
figures  (p.  70). 

Numerous  small  dikes  and  sheets  are  intruded  at  various  places, 
notably  about  Cooks  post  office,  where  there  are  several  dikes  of  basalt 
and  porphyry.  On  the  west  slope  of  the  range  the  limestones  are  cut 
at  several  localities  by  irregular  projections  from  the  main  porphyry 
mass.  North  of  the  Cooks  Peak  igneous  mass  there  is  a  shallow 
syncline  which  crosses  the  range  near  Cooks  post  office.  On  the 
north  side  of  this  flexure  there  are  low  dips  to  the  south  and  the 
strata  rise  in  successions  in  a  long  ridge  that  narrows  toward 
the  north.  The  formations  exposed  are  the  Lake  Valley  limestone, 
Percha  shale,  Fusselman  limestone,  Montoya  limestone,  El  Paso 
limestone,  Bliss  sandstone,  and  granite.  The  granite  extends  for 
some  distance  north  out  of  the  county.  East  of  this  ridge  there  is  a 
profound  fault  which  crosses  the  high  ridges  north  of  Cooks  post  office 
and  extends  far  south  along  the  east  side  of  the  Cooks  Peak  mass  and 
Sarten  Bidge.  Between  this  fault  and  Cooks  Peak  there  is  a  shallow 
syncline  which  holds  beds  up  to  the  Sarten  sandstone,  the  sandstone 
occurring  mainly  in  small  outliers  lying  high  against  the  east  slope  of 
the  mountain.  Other  similar  outliers  cap  peaks  north  and  northwest  of 
Cooks  Peak.  The  Sarten  sandstone  appears  at  intervals  on  the  lower 
part  of  the  west  slope  northwest  of  the  peak,  and  it  is  probably  con- 
tinuous under  the  bolson  deposits  to  the  55  ranch,  where  it  lies  in  a 
syncline  that  extends  southeastward  far  up  into  the  ridge  between  the 
two  masses  of  porphyry.  At  one  place  this  syncline  holds  a  small  area 
of  the  Colorado  shale.  Farther  south  the  Lobo  formation.  Gym 
limestone,  and  Lake  Valley  limestone  rise  to  the  surface  and  these 
formations  together  with  the  Sarten  sandstone  constitute  the  high 
ridge  extending  across  the  range  2  miles  south  of  Cooks  Peak.  The 
strata  in  this  ridge  all  dip  south  at  moderate  angles,  as  shown  in 
section  4  of  figure  3,  and  are  cut  off  by  the  great  fault  to  the  east. 
The  Sarten  sandstone  is  a  conspicuous  feature  in  this  area,  consti- 
tuting the  very  prominent  dip  slope  2  miles  south  of  the  peak  which 
on  the  east  swings  around  to  the  south  and  becomes  Sarten  Ridge.  It 
also  extends  several  miles  to  the  southwest,  so  that  with  Sarten 
Bidge  on  the  other  side  it  finally  forms  the  rim  of  a  wide  syncline. 
The  north  side  of  this  syncline  is  cut  by  an  irregular  mass  of 
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FIOUBI  3.— Sections  across  Cooks  Range.  1,  H  miles  north  of  Cooks  post  ofQce;  2,  through  Coolcs 
post  office;  3,  through  Coolcs  Peak;  4,  2  to  3  miles  south  of  Cooks  Peak;  5,  1^  miles  north  of  Fort 
Cummings;  6,  U  miles  south  of  Fort  Cummlngs,  passing  Just  south  of  sandstone  quarry;  7,  from 
point  U  miles  southeast  of  Fluorite  Camp  to  point  1|  miles  northwest  of  Florida  station;  8,  through 
Cooks  Range  from  southeast  end  of  Sarten  Ridge  to  the  Luna-Sierra  county  line.  Base  of  sections  1-4, 
6,000  feet  above  sea  level;  6-8, 4,500  feet,  p,  Porphyry;  Tag.  agglomerate;  r.  rhyolite,  andesite,  and 
latite;  Qbd,  bolson  deposits;  Kco.  Colorado  shale;  Ks,  Sarten  sandstone;  1il.  Lobo  formation;  Cg, 
Qym  limestone  and  ICagdalena  formation;  Civ,  Lake  Valley  limestone;  Dp,  Percha  shale;  SOf.  Fus- 
selman  and  Hontoya  limestones;  Oe.  El  Paso  limestone;  €,  Bliss  sandstone;  gr,  granite;  a,  andeiite; 
Qb,  qnarU  basalt;  ql,  quarU  latite;  k.  keratophyre. 
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porphyry  high  on  the  mountain  slope,  but  lower  down  there  is  a 
small  area  of  the  Colorado  shale  and  large  areas  of  agglomerate  and 
associated  deposits. 

In  Sarten  Bidge  the  sandstone  is  underlain  by  the  Lobo  forma- 
tion and  the  Gym  and  Lake  Valley  limestones,  which  crop  out  along 
the  north  and  east  slopes  of  that  ridge  until  they  are  finally  cut  oif 
by  the  great  fault  north  of  Fryingpan  Spring.  A  small  amount  of 
the  Percha  shale  also  appears  in  this  area,  cut  by  the  porphyry  of 
the  main  Cooks  Peak  laccolith.  There  is  a  large  intruded  mass  of 
the  porphyry  on  the  south  slope  of  the  high  sandstone  ridge,  and 
some  small  dikes  and  sills  of  it  to  the  east  in  Sarten  Ridge.  At 
two  places  the  sandstone  is  exposed  overlain  by  the  Colorado  shale, 
and  doubtless  this  formation  underlies  an  area  of  considerable  extent 
in  the  syncline  west  of  Sarten  Ridge,  but  it  is  mostly  covered  by 
agglomerate  and  later  deposits. 

Sarten  Ridge  consists  of  a  wide  exposure  of  the  Sarten  sandstone 
dipping  south  of  west  and  finally  passing  b^ieath  bolson  deposits 
at  the  south  end  of  the  ridge.  The  great  fault  passes  along  the  foot 
of  the  east  side  of  the  ridge,  and  owing  to  this  dislocation  the 
agglomerate  abuts  against  the  Sarten  sandstone  to  the  south  and 
then  against  the  Lobo  formation  and  Lake  Valley  limestone  as  these 
formations  rise  to  the  north.  At  Fryingpan  Spring  the  Sarten  sand- 
stone with  a  nearly  north  strike  and  a  very  low  dip  to  the  west  abuts 
against  the  agglomerate  series,  which  strikes  northwest  and  dips  at 
angles  mostly  greater  than  20^.  The  vertical  displacement  caused  by 
the  fault  at  this  place  is  probably  more  than  1,000  feet,  but  there  is 
no  way  of  determining  the  precise  amount.  Half  a  mile  south  of 
Fryingpan  Spring  a  deep  canyon  in  Sarten  Ridge  cuts  through  the 
sandstone  and  reveals  the  underlying  Lobo  formation  in  a  small  area. 
A  few  rods  to  the  southeast  a  small  mass  of  limestone  appears  along 
the  fault,  probably  a  wedge  that  was  slightly  more  uplifted  than  the 
Sarten  Ridge  block.  It  appears  to  be  the  Gym  limestone,  but  no  fos- 
sils were  obtained  on  which  to  base  precise  correlation.  The  beds 
are  nearly  horizontal  and  lie  on  conglomerate,  of  which  the  top 
crops  out  a  few  yards  east  of  the  road. 

AOOLOKE&ATE  AlTD  lOVEOITS  ABEA  EAST  OF  THE  GREAT  FAXTLT. 

The  southern  extension  of  Cooks  Range  east  of  Sarten  Ridge  con- 
sists of  the  great  agglomerate  series  with  its  included  igneous  masses, 
the  latter  mostly  in  sheets.  There  is  an  alternation  of  strata  and 
interbedded  lava  flows,  in  part  in  regular  succession  from  southwest 
to  northeast,  for  the  dip  is  generally  to  the  east  and  northeast  at  a 
moderate  angle.  Several  faults  break  the  succession  locally,  and  it 
is  all  cut  off  diagonally  on  the  west  side  by  the  great  fault  that  ex- 
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tends  along  the  east  foot  of  Sarten  Ridge.  To  the  east  it  passes 
beneath  the  bolson  deposits,  and  these  also  form  an  irregular  margin 
along  its  southern  and  southwestern  portions.  About  Fort  Cum- 
mings  some  later  basalts  lie  on  the  margin  of  the  series.  The  lower 
members  of  the  agglomerate  series  exposed  constitute  a  thick  suc- 
cession of  deposits  of  fragmental  volcanic  materials  with  a  few 
small  dikes  of  various  rocks.  Interbedded  brown  quartzites  consti- 
tuting the  two  prominent  knobs  8  miles  west  of  Mirage  are  excep- 
tional features,  for  apparently  they  do  not  contain  igneous  material. 
Several  strata  of  sedimentary  origin  are  interbedded  with  the 
agglomerate,  and  all  dip  nearly  due  east  at  an  angle  of  4°.  In  the 
steep,  high  ridges  east  of  the  Wilson  ranch  the  first  great  sheet  of 
latite  appears  lying  in  the  agglomerates,  both  dipping  10°  NE. 
Above  this  thick  sheet  there  is  a  thick  succession  of  flows  and  local 
deposits  of  agglomerate,  tuff,  and  ash,  all  dipping  at  low  angles 
to  the  northeast.  North  of  the  Wilson  ranch,  however,  an  anticline 
or  dome  is  indicated  by  westerly  and  southwesterly  dips,  mainly  in 
an  area  limited  on  the  east  bv  a  crescentic  fault  which  cuts  off  the 
beds  in  an  irregular  manner.  The  deposits  of  sedimentary  and  frag- 
mental rocks  thicken  and  thin  from  place  to  place,  and  thin  flows  of 
andesite  are  included  which  thicken  to  the  east  and  south.  A  wide- 
spread sheet  of  quartz  basalt,  apparently  merging  into  olivine 
andesite,  is  a  prominent  member  of  the  series  west  of  Florida,  and 
not  far  above  it  is  an  extensive  sheet  of  light-colored  rhyolite  in  the 
ridges  south  of  Fort  Cummings.  The  two  sheets  of  igneous  rock  are 
separated  by  deposits  of  volcanic  ash,  which  in  most  places  are  100 
feet  thick.  Two  faults  cut  the  rocks  in  this  portion  of  the  area, 
repeating  the  succession  of  rocks  from  quartz  basalt  to  rhyolite  along 
two  zones  of  outcrop.  The  individual  relations  of  these  faults  are 
shown  in  section  6  on  figure  3  (p.  70). 

Northwest  of  Fort  Cummings  the  igneous  rocks  are  in  thick 
masses  in  the  agglomerate  and  appear  to  terminate  by  thinning  out. 
Here  the  members  of  the  series  generally  dip  to  the  east  and  north- 
east at  various  angles,  but  there  are  southeast  dips  on  the  curved 
outcrops  3  miles  northwest  of  the  fort.  To  the  west  this  body  of 
igneous  rocks  is  cut  off  diagonally  by  the  great  fault,  and  to  the 
east  it  disappears  beneath  bolson  deposits. 

South  of  Fort  Cummings  the  rhyolite  and  underlying  rocks  exhibit 
an  oval  dome  with  axis  trending  southeast.  The  upper  rhyolite  has 
been  removed  from  the  top  of  the  dome,  revealing  the  quartz  basalt, 
which  on  the  southeast  side  extends  down  to  the  bolson. 

In  the  area  about  Puma  Spring  and  for  seyeral  miles  to  the  north 
there  is  a  low  dome  lying  between  the  faults.  One  of  the  most 
notable  effects  of  the  uplift  is  the  presence  of  a  sheet  of  the  rhyolite 
'^  the  high  ridge  west  of  the  spring.    This  sheet  appears  to  be  at  the 
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same  horizon  as  the  other  bodies  of  rhyolite  to  the  northeast.  It 
dips  southwestward  and  lies  on  a  thick  body  of  volcanic  ash,  which 
in  turn  is  iinderlain  by  quartz  basalt.  Next  east  is  a  thick  dikelike 
mass  of  andesite  which  extends  to  Puma  Spring.  Farther  north, 
toward  Massacre  Peak  and  the  main  road,  the  dome  is  nearly  flat  and 
the  sheets  of  rock  dip  northward.  At  the  fault  half  a  mile  north- 
east of  Massacre  Peak  the  rocks  dip  steeply  to  the  east,  notably  the 
wedge  of  rhyolite  forming  the  6,060-foot  peak,  which  dips  26^  ENE. 

FLORIDA   MOUNTAINS. 
OEVEBAL  BTBXrOTtniE. 

The  Florida  Mountains  consist  mainly  of  pre-Cambrian  granite 
and  agglomerate,  the  latter  constituting  the  high,  rugged  ridge  at 
the  north  end  of  the  range.  Paleozoic  limestones  also  occur  in  sev- 
eral areas,  one  mass  forming  the  crest  of  the  mountains  for  a  short 
distance  east  of  The  Park.  In  general  the  range  has  a  monoclinal 
structure  with  an  easterly  dip.  Possibly  it  is  the  eastern  limb  of  an 
anticline  whose  axis  lies  under  the  bolson  on  the  west,  or  the  uplift 
may  be  bounded  on  that  side  by  a  fault.  At  Capitol  Dome  the 
Paleozoic  rocks  and  agglomerate  beds  all  dip  to  the  east-northeast, 
and  the  granite  crops  out  along  the  foot  of  the  western  slope.  This 
easterly  dip,  with  repetition  of  the  limestones  by  faulting,  is  exhib- 
ited again  farther  south,  at  The  Park  and  Gym  Peak.  The  range  is 
crossed  near  its  north  end  by  a  profound  fault  that  trends  nearly 
east  and  has  an  upthrow  of  several  hundred  feet  on  its  south  side, 
and  the  limestones  of  The  Park  and  Gym  Peak  are  cut  off  to  the 
south  by  a  great  fault  which  uplifts  the  granite  more  than  2,000  feet. 
The  salient  structural  features  of  the  range  are  shown  in  the  sections 
of  figure  4  (p.  74). 

FLEZinEtES. 

The  rocks  of  the  Florida  Mountains  are  tilted  in  various  directions 
in  extensive  monoclines,  but  they  are  not  flexed  into  anticlines  or 
synclines  to  any  great  extent.  The  agglomerate  dips  gently  to  the 
east  and  east-northeast,  and  the  underljring  Lobo  formation  has 
essentially,  if  not  precisely,  the  same  attitude.  The  Paleozoic  rocks 
also,  with  a  few  exceptions,  dip  eastward.  At  Gym  Peak,  as  shown 
in  section  C,  figure  4,  there  is  slight  arching,  and  the  faulted  blocks 
to  the  west  include  some  shallow  synclines. 

FAULTS, 

Faults  are  numerous  in  the  Florida  Mountains,  and  the  larger  ones 
cross  the  range  from  east  to  west.  The  largest,  which  passes  along 
the  south  side  of  The  Park  and  a  short  distance  south  of  Gym  Peak, 
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has  a  throw  of  2,000  feet  for  part  of  its  course,  where  it  lifts  the 
granite  of  the  south  end  of  the  range  so  high  that  it  abuts  against 
upper  beds  of  the  Gym  limestone.  The  fault  plane  dips  40^-70^  S., 
and  the  granite  is  thrust  over  on  the  block  to  the  north.  The  slope 
of  this  plane  is  well  exposed  in  the  spur  southwest  of  The  Park, 
where  it  dips  40°  S.,  and  also  in  places  near  the  trail  south  of  Gym 
Peak.  This  fault  branches  in  The  Park,  but  along  its  northwestern 
branch  the  uplift  is  on  the  northeast  side,  bringing  up  the  granite 
and  leaving  a  depressed  wedge-shaped  block  of  the  Gym  limestone 
and  underlying  rocks  between  the  branches.  The  uplifted  block  on 
the  northeast  is  tilted  eastward  at  a  moderately  steep  angle  and 
half  a  mile  west  of  Gym  Peak  is  cut  off  by  another  fault,  shown 
in  the  middle  of  section  C,  figure  4.  This  fault  has  a  vertical  uplift 
of  about  2,000  feet  and  extends  south  of  the  great  northwest  fault. 
It  branches  just  northwest  of  Gym  Peak,  one  branch  passing  north- 
east and  the  other  curving  to  the  north ;  in  both,  the  upthrow  is  on 
the  east  side.  The  eastern  branch  is  well  shown  by  the  Montoya  lime- 
stone abutting  against  the  Bliss  sandstone  1^  miles  northeast  of 
Gym  Peak,  and  the  western  branch  brings  the  Gym  limestone  and 
granite  into  contact  east  of  the  zinc  mine.  Apparently  this  fault 
branches  again  to  the  north,  the  western  branch  bringing  upturned 
Montoya  limestone  against  granite,  and  the  eastern  branch  cutting 
off  the  El  Paso  limestone  in  the  spur  half  a  mile  southwest  of  Byer 
Spring.  The  tilted  block  east  of  The  Park  is  cut  off  on  the  north 
by  a  large  fault  that  lifts  the  granite  against  the  El  Paso  limestone 
on  the  main  divide,  as  shown  in  section  D,  figure  4.  The  block  is 
also  crossed  by  several  smaller  step  faults  of  40  to  200  feet  dis- 
placement, which  trend  nearly  east  (see  section  D,  fig.  4),  and  are 
well  exposed  in  the  cliff  east  of  The  Park.  They  are  lost  in  the 
Gym  limestone  slopes  east  of  the  summit.  A  fault  trending  north- 
east in  the  ridge  extending  northwest  from  The  Park  drops  the 
Gym  limestone  to  the  level  of  the  El  Paso  limestone.  Another 
fault  brings  the  El  Paso  limestone  and  granite  into  contact  a  short 
distance  east  and  also  southeast  of  Byer  Spring.  In  the  south 
slope  a  mile  southeast  of  Byer  Spring  the  plane  of  the  fault  appears, 
to  have  a  low  dip  to  the  east,  for  the  granite  and  limestone  contact 
slopes  gradually  down  the  hill  nearly  to  the  main  northeast  fault. 
In  the  slopes  2  miles  south  by  east  from  Gym  Peak  the  granite  and 
some  outlying  masses  of  the  Gym  limestone  are  intricately  faulted 
together,  so  that  wedges  of  the  limestone  are  partly  included  in 
the  granite  and  a  tongue  of  the  granite  projects  through  the  lime- 
stone at  one  place,  the  relations  suggesting  igneous  intrusion.  How- 
ever, the  limestone  is  not  at  all  metamorphosed  and  the  granite  is 
a  very  coarse  grained  rock  of  the  typical  pre-Cambrian  character. 
The  southwestern  mass  consists  of  limestone  and  sandstone  lying  on 


76 


LUNA  COUNTY,  NEW   MEXICO. 


a  gently  sloping  surface  of  granite.  The  larger  eastern  mass  is 
underlain  and  overlain  by  granite  on  planes  dipping  gently  east- 
ward, and  it  is  throu^  this  mass  that  a  tongue  of  the  granite  has 
been  forced,  as  shown  in  figure  5. 

The  limestone  near  the  contact  is  shattered  and  brecciated  for  a 
foot  or  more  and  includes  fragments  of  the  granite.  The  granite  is 
red,  coarse  grained,  and  mas^ve,  of  the  sort  which  constitutes  a 
large  part  of  the  mountain,  and  while  it  is  very  much  broken  and 
crushed  it  shows  no  fining  of  grain  such  as  occurs  at  igneous  con- 
tacts. The  precise  method  of  faulting  of  the  mass  can  not  be  ascer- 
tained, but  doubtless  the  jfranite  is  a  wedge  between  two  fault  planes 
carried  westward  into  the  limestone.  These  planes  were  part  of  a 
great  fault  similar  to  the  one  a  mile  farther  north,  but  onl^  these 
few  scattered  wedges  of  limestone  remain  to  indicate  its  effects. 


FiavBB  6. — SeetloQ  ahowiDS  relatlom  of  gr.inlte  (gr)  and  Oral  llmntone  (■)  at  •onth- 
caat  end  of  Florida  UoniiUliia,  2  mllta  aoolb  of  07m  Peak,  B  ahows  relations  of 
■DiAll  maaa  of  sranlte  in  ceotet  of  A. 

The  fault  near  the  north  end  of  the  Florida  Mountains  trends 
nearly  east,  and  drops  the  agglomerate  on  the  north  ^de  so  that  it 
shuts  against  older  beds,  from  the  Lobo  formation  to  granite,  on  the 
south  side.  The  maximum  displacement  is  unknown,  but  at  the 
granite  contact  the  throw  is  at  least  2,000  feet.  Some  of  its  relations 
are  shown  in  section  D,  figure  4  (p.  74).  The  agglomerate  and  the 
Lobo  formation  are  cut  by  another  prominent  easterly  fault  south- 
east of  Arco  del  Diablo,  the  relations  of  which  are  shown  to  the  right 
of  the  middle  of  section  D.  The  beds  on  the  south  side  are  dropped 
about  400  feet  vertically  by  this  fault.  The  direction  of  the  dip  of 
the  fault  plane  was  not  ascertained.  A  similar  fault  of  much  smaller 
throw  crosses  the  range  a  mile  southeast  of  Capitol  Dome.  Just 
south  of  Capitol  Dome  s  northeast  fault  with  vertical  throw  of  more 
(han  1,500  feet  lifts  the  granite  to  the  base  of  the  Lobo  formation. 


STEUOTUBAL  GEOLOGY,  77 

The  fault  plane  dips  45°  NW.,  and  along  part  of  its  course  there  is  a 
dike  of  quartz  porphyry  20  feet  thick.  In  places  the  strata  are  up- 
turned along  the  fault  and  dip  northward.  The  fault  is  shown  in 
figure  6. 

The  movement  occurred'  long  before  Lobo  time,  for  south  of  the 
fault  the  Lobo  formation  lies  on  the  eroded  surface  of  the  granite. 
The  plane  of  erosion  croeses  the  fault  and  extends  across  the  edges 
of  the  Montoya  and  £1  Paso  limestones  to  the  west  and  north. 
These  relations  indicate  that  during  or  after  the  faulting  there  was 
a  great  amount  of  erositm,  which  removed  from  the  uplifted  side  of 
the  fault  the  sandstone  and  limestone  that  overlie  the  granite  just 
north  and  doubtless  removed  some  of  the  granite  also,  for  the  granite 
plane  beneath  the  Lobo  formation  may  be  much  lower  in  the  granite 
mass  than  the  granite  plane  beneath  the  Bliss  sandstone.  Also  at 
the  time  of  faulting  the  locality  may  have  been  overlain  by  more  or 
less  Gym  limestone.  Large  areas  of  this  formation  remain  a  few 
miles  to  the  south,  but  it  is  absent  in  the  overlap  north  of  Capitol 


Dome,  in  which  the  Lobo  formation  lies  on  the  eroded  surface  of 
the  middle  members  of  the  Montoya  limestone  and  still  farther  north 
extends  somewhat  lower  over  the  El  Paso  limestone.     / 

LOTLE  FU)Rn>A    M0DNTAIN8, 

The  ridge  known  as  the  Little  Florida  Mountains  consists  of  a 
thick  sheet  of  felsitic  or  vitreous  'rhyolite  included  in  the  great 
agglomerate  series.  Apparently  the  horizon  is  somewhat  above  that 
of  the  agglomerate  exposed  in  the  Florida  Mountains,  as  the  latter 
range  lies  slightly  west  of  the  line  of  strike  of  the  rocks  in  the  Little 
Florida  Mountains;  but  there  may  be  a  fault  between  the  two  ranges. 
The  felsitic  rhyolite  appears  to  be  mainly  the  product  of  one  out- 
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flow,  or  a  succession  of  outflows  without  intervening  deposits,  and 
probably  it  ends  by  thinning  out  not  far  beyond  the  termination  of 
the  ridge.  Some  other  igneous  masses  are  exposed  in  places  on  the 
west  slope.  The  structure  is  shown  in  figure  7,  in  which  section  A 
shows  the  relations  that  prevail  along  the  greater  part  of  the  ridge 
and  section  B  shows  certain  local  features  of  the  faulted  portion 
farther  south. 

All  the  rocks  dip  to  the  east  at  low  angles,  mostly  less  than  10°. 
In  the  northern  part  of  the  area  the  dips  are  from  10°  to  20°  north 
of  east,  but  farther  south  the  direction  is  in  greater  part  due  east. 
This  dip  carries  the  main  sheet  of  f elsitic  rhyolite  under  the  ag- 
glomerate to  the  east,  so  its  thickness  and  extent  in  that  direction  are 
not  known.  The  thickness  in  the  middle  of  the  mountains,  as  shown 
in  section  A,  figure  7,  is  about  600  feet,  and  the  amount  gradually 
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FiouBB  7. — Sections  across  the  Little  Florida  Mountains.  A,  Across  center  of  range ;  B, 
li  miles  farther  south,  ag.  Agglomerate;  r,  felsltlc  rhyolite;  o,  obsidian;  k,  kerato* 
phyre. 

diminishes  to  the  north  and  south.  In  the  gap  which  crosses  the 
ridge  near  its  north  end  the  thickness  is  less  than  150  feet,  but  it 
increases  again  to  double  that  amount  in  the  knob  to  the  northwest. 
Near  the  center  of  the  mountains  the  underlying  deposits  of  vol- 
canic ash  and  other  fragmental  materials  extend  about  halfway  up 
the  western  slope,  but  the  altitude  of  the  contact  diminishes  to  the 
north  and  south. 

The  relations  shown  in  the  western  part  of  section  B,  figure  7,  are 
due  to  two  or  more  faults  which  appear  to  extend  for  some  distance 
along  the  western  slope  of  the  southern  half  of  the  range.  At  and 
south  of  this  place  the  rhyolite  sheet  is  underlain  by  a  flow  of  obsid- 
ian, 8  to  20  feet  thick,  which  in  turn  lies  on  a  bed  of  compact  coarse 
volcanic  ash  of  greenish  tint.  The  faults  cause  the  repetition  of  this 
characteristic  succession  in  two  prominent  steps  on  the  slope.  The 
obsidian  appears  again  at  the  edge  of  the  bolson  in  the  base  of  a 
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small  knoll  consisting  of  keratophyre,  either  a  local  sheet  or  a  dike, 
probably  faulted  into  its  present  position.  A  short  distance  south- 
east of  the  locality  of  section  B  the  blocks  shown  in  that  section  are 
displaced  by  a  northeast  fault.  As  the  downthrow  is  on  the  east 
side  the  outcrops  on  this  side  are  offset  to  the  southwest.  The  blocks 
east  of  this  transverse  fault  slope  toward  the  south,  and  this  struc- 
ture, together  with  the  thinning  of  the  igneous  sheet,  causes  the 
southern  termination  of  the  ridge.  The  easternmost  of  the  longi- 
tudinal faults  continues  to  be  a  conspicuous  feature  to  the  end  of 
the  ridge.  Near  the  southeastern  termination  of  the  slopes  there 
is  a  low  spur  caused  by  a  dike  of  keratophyre,  which  cuts  agglomer- 
ate and  underlying  volcanic  ash  for  a  short  distance.  It  is  a  reddish 
rock  jointed  in  vertical  plates  that  strike  a  few  degrees  east  of 
north. 

Just  west  of  the  gap  which  crosses  the  northern  part  of  the  Little 
Florida  Mountains  there  is  a  long,  narrow  outcrop  of  f  elsitic  rhyolite, 
extending  from  the  main  f elsite  sheet  some  distance  into  the  bolson 
on  the  west.  It  is  probably  a  dike  or  feeder  by  which  the  sheet 
reached  the  surface  at  the  time  of  its  eruption.  In  the  west  slope,  half 
a  mile  south  of  this  outcrop,  the  strata  under  the  main  igneous  sheet 
are  traversed  by  a  small  dike  of  homblende-biotite  rhyolite,  which 
appears  to  have  disturbed  the  beds  considerably  and  caused  greatly 
increased  silicification  in  them.  There  are  several  small  outcrops  of 
rhyolite,  felsitic  rhyolite,  and  andesite  in  the  bolson  a  short  distance 
west  of  the  foot  of  the  Little  Florida  Mountains,  but  they  afford  no 
evidence  of  their  relations  or  underground  extent 

TRES  HEBMANAS  MOUNTAINS. 

The  ridges  and  peaks  known  as  the  Tres  Hermanas  Moimtains 
occupy  an  area  of  about  85  square  miles,  lying  80  miles  south  of  Dem- 
ing.  They  extend  about  10  miles  from  north  to  south,  have  a  maxi- 
mum width  of  about  5  miles,  and  rise  abruptly  from  the  great  bolson. 
In  a  general  way  they  are  on  the  southern  extension  of  the  line  of 
strike  of  the  Florida  Mountains,  and.  doubtless  there  is  an  imder- 
ground  connection  between  the  two  ranges  under  the  bolson  deposits 
in  the  gap  between  them.  The  rocks  and  structure,  however,  are 
markedly  different  in  most  respects.  In  the  Tres  Hermanas  Moun- 
tains there  is  a  central  igneous  mass  of  coarse  granite  porphyry, 
flanked  in  part  by  andesites  and  felsitic  rhyolite,  in  part  by  agglom- 
erate, and  in  part  by  Gym  limestone.  The  limestone  has  been  up- 
turned by  the  intrusion,  and  part  of  it  near  the  contact  has  been  meta- 
morphosed to  marble.  There  are  no  signs  of  the  granite  and  earlier 
Paleozoic  rocks,  which  are  so  prominent  in  the  Florida  Mountains, 
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and  the  agglomerate  appears  in  the  lower  foothills  on  the  southeast 
slopes  and  northeast  end  of  the  range.  In  general  there  is  an  igneous 
succession  consisting  of  a  central  mass  of  granite  porphyry,  partly 
surrounded  by  andesite,  then  felsitic  rhyolite,  and  last  the  basalt, 
which  appears  to  imderlie  parts  of  the  surrounding  bolsons.  The 
sections  in  figure  8  show  the  salient  features  of  the  structure  along 
the  slopes  of  the  range,  but  most  of  the  underground  relations  are  not 
indicated  by  the  outcrops. 

The  porphyry  which  constitutes  the  large  central  mass  of  the 
Tres  Hermanas  Mountains  presents  little  evidence  as  to  its  structural 
relations.  It  cuts  across  and  upturns  the  limestone  on  the  northern 
slope  and  includes  large  fragments  of  that  rock  displaced  some  dis- 
tance from  their  original  position  and  metamorphosed  to  marble. 
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Figure  8. — Sketch  sections  across  the  Tres  Hermanas  Mountains.  1,  From  point  south- 
west of  Hancock  mine  through  North  Peak ;  2,  from  Black  Top  through  South  Peak ; 
3,  through  center  of  range  east  of  zinc  mines,  p,  Porphyry ;  r,  rhyolite ;  b,  basalt ;  aot 
agglomerate ;  g.  Gym  limestone ;  m,  marble  in  Gym  limestone ;  q,  quartzite ;  k,  kerato- 
phyre. 

It  is  undoubtedly  a  thick  body,  probably  connected  underground 
with  a  large  feeder  or  stock.  The  rock  is  classed  as  a  granite 
porphyry  or  a  quartz  syenite  porphyry  by  Lindgren,  and  while  it 
is  very  different  from  the  granite  of  the  Florida  Mountains  it  some- 
what resembles  the  intrusives  of  Cooks  Peak  and  Fluorite  Ridge. 
Its  character  is  very  uniform  throughout,  its  coarse  grain,  brownish 
color,  and  massive  structure  being  shown  in  all  exposures.  Its  topog- 
raphy is  rugged,  especially  in  the  three  prominent  peaks  shown  in 
Plate  IV,  B  (p.  12).  Near  Willow  Spring  the  porphyry  is  flanked 
by  typical  agglomerate,  but  on  its  west  side  and  along  the  north- 
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eastern  spur  of  the  range  it  is  in  contact  with  a  sheet  or  dike  of 
andesite  several  hundred  feet  wide.  The  relation  of  the  three  rocks 
was  not  observed,  so  that  their  relative  age  is  not  known.  The  an- 
desite on  the  west  side  and  northeast  slope  of  the  range  separates 
the  granite  porphyry  from  a  wide  zone  of  felsitic  rhyolite  for  most 
of  its  course.  This  rhyolite  appears  to  be  in  an  irregular  sheet  or  a 
succession  of  sheets  with  some  intervening  fragmental  deposits,  and 
it  is  penetrated  by  dikes  of  andesite  similar  to  that  which  separates 
the  rhyolite  and  porphyry  masses.  In  the  southeastern  part  of  the 
range  and  in  its  northeastern  foothills  the  rhyolite  lies  on  the  great 
agglomerate.  A  thin  sheet  of  basalt  caps  the  rhyolite  in  the  promi- 
nent butte  known  as  Black  Top,  2  miles  west  of  Willow  Spring,  and 
also  in  the  buttes  just  west  of  the  Grade  road  4  miles  southeast  of 
Waterloo. 

In  the  vicinity  of  the  old  zinc  mines  at  the  north  end  of  the  range 
the  limestone  gives  rise  to  a  low  ridge  with  its  steeper  slopes  facing 
inward,  toward  the  porphyry  hills.  The  strata  are  cut  off  abruptly 
by  the  porphyry  to  the  south  and  dip  gently  to  the  north,  finally 
passing  beneath  the  bolson  deposits.  Lindgren^  has  described  the 
principal  features  at  this  locality  in  relation  to  the  occurrence  of 
the  zinc  ores.  The  main  igneous  contact  extends  eastward  along 
the  foot  of  the  high  ridge  southeast  of  the  mines.  The  limestone  is 
considerably  disturbed,  showing  many  variations  in  dip,  and  evidently 
the  contact  is  very  abrupt  and  irregular,  with  projections  of  por- 
phyry into  the  limestone.  The  dips  range  from  30**  to  60®  in  amount 
and  from  northeast  to  northwest  in  direction.  A  sill  or  dike  of  the 
porphyry  also  cuts  the  limestone  for  200  yards  along  an  easterly 
course  a  few  rods  north  of  the  main  contact.  For  some  distance 
from  the  igneous  contacts  the  limestone  is  altered  to  a  white,  coarsely 
crystalline  marble,  and  some  beds  show  various  secondary  minerals, 
mainly  garnet.  At  several  places  the  more  impure  beds  of  lime- 
stone or  shale  are  metamorphosed  to  a  homfels.  The  zone  of  altera- 
tion is  very  irregular  in  horizontal  extent,  but  averages  about  1,000 
feet  in  width  at  one  place  mentioned  by  Lindgren.  Marble  and  gar- 
net appear  in  some  of  the  beds  half  a  mile  north  of  the  contact. 
Most  of  the  metamorphism  has  occurred  in  the  gap  and  on  the  south 
slope  of  the  limestone  hill.  The  principal  zinc  workings  in  the  lime- 
stone are  on  the  slope  a  quarter  of  a  mile  west  of  the  little  gap  south 
of  the  limestone  hill.  The  only  sign  of  metamorphism  at  this  place 
is  the  occurrence  of  bimches  of  woUastonite.  Fossils  of  Carbonif- 
erous age  were  found  by  Lindgren  in  the  limestones,  even  in  greatly 
altered  portions. 

1  LiDdgreOt  Waldemar.  The  ore  deposits  of  New  MezlcQ :  U.  S.  Geol,  Survey  Prof.  Paper 
68,  p.  293,  1910. 

97880'— Bull.  618—16 0 


82  LUNA  COUNTY,  NEW  MEXICO. 

Limestone  constitutes  a  flanking  ridge  and  spur  extending  north- 
ward from  the  high  peak  hear  the  north  end  of  the  range.  The 
strata  dip  at  low  angles  to  the  east-northeast  and  east-southeast  and 
at  the  south  are  cut  off  abruptly  by  a  nearly  vertical  porphyry  con- 
tact. Much  of  the  limestone  for  100  feet  from  the  igneous  rock  is 
altered  to  a  coarsely  crystalline  marble,  as  in  the  area  near  the  zinc 
mine.  To  the  east  the  limestone  is  penetrated  by  a  thick  mass  of  andes- 
ite  which  lies  along  the  east  side  of  the  porphyry  and  projects  north- 
ward from  ;t.  To  the  north  this  body  of  limestone  dips  beneath  gray 
quartzite  which  extends  as  a  prominent  ledge  trending  east  for  some 
distance  along  the  lower  mountain  slope  and  apparently  is  nearly  if 
not  quite  cut  off  on  the  east  by  the  north  end  of  the  andesite.  The 
limestone  of  this  area  extends  southward  for  several  miles  along  the 
foot  of  the  slopes  of  the  central  and  southern  high  peaks  of  the  range, 
and  near  the  contact  much  of  it  is  changed  to  white  marble.  In 
general  the  beds  dip  steeply  to  the  east,  or  away  from  the  igneous 
mass.  There  are  several  branch  intrusions,  and  some  large  masses  of 
marble  are  included  in  the  porphyry,  notably  at  the  South  Peak, 
where  the  marble  extends  halfway  up  the  slope  and  is  in  one  place 
200  feet  wide.  The  south  contact  of  this  mass  is  very  irregular,  but 
on  the  north  side  the  contact  extends  almost  vertically  up  the  slope. 
In  places  there  is  considerable  yellowish-green  vesuvianite  or  garnet 
in  veins  6  inches  to  3^  feet  wide  along  the  jimction  of  the  two  rocks. 
In  the  upper  part  of  the  marble  mass  there  is  a  nearly  vertical  hole 
about  25  feet  in  diameter  and  80  feet  deep.  It  was  caused  by  solu- 
tion of  the  limestone.  At  the  bottom  there  is  considerable  bat  guano, 
which  has  been  mined  to  some  extent  More  or  less  marble  appears 
along  the  contact  low  on  the  east  slope  of  the  middle  peak,  and  one 
thin  bed  of  the  limestone  at  this  place  is  changed  to  a  heavy  white 
rock,  mostly  garnet,  vesuvianite,  and  diopside.  Many  fossils  occur  in 
associated  strata  here  and  farther  north.  The  small  mass  of  lime- 
stone that  crops  out  a  mile  east  of  the  Hancock  mine  lies  along  the 
west  margin  of  the  porphyry  intrusion. 

The  westernmost  range  of  the  Tres  Hermanas  Mountains  lies  a  mile 
west  of  the  Hancock  mine.  It  consists  of  600  to  800  feet  of  the  Gym 
limestone,  dipping  steeply  westward.  The  rocks  are  light  colored  and 
include  some  brecciated  beds.  They  have  yielded  late  Pennsylvanian 
fossils.  Under  this  limestone  is  a  gray  to  reddish  quartzite,  in  part 
brecciated,  which  crops  out  as  a  cliff  along  a  low  ridge  on  the  east 
side  of  this  westernmost  range  and  shows  a  thickness  of  40  to  60  feet. 
Next  east  of  it  is  a  valley  occupied  by  the  felsitic  rhyolite,  which 
extends  in  a  broad  zone  along  the  west  side  of  the  Tres  Hermanas 
igneous  area.  The  relation  of  the  rhyolite  to  the  limestone  is  not 
exposed,  but  some  features  suggest  that  they  are  separated  by  a 
•fault  trending  northwest. 
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VICrORIO  MOUNTAIKS. 

The  main  ridge  of  the  Victorio  Mountains  consists  of  a  tilted  sheet 
of  andesite  and  its  south  slope  and  the  scattered  knobs  to  the  south 
are  of  sandstone  and  limestone.  The  principal  structural  features  are 
shown  in  the  sketch  map  and  sections  forming  figure  9. 

The  prominent  northern  ridge  consists  of  a  massive  sheet  of  horn- 
blende andesite  dipping  20°-25°  NNE.  It  is  about  200  feet  thick 
and  gives  rise  to  the  crest  and  south  slope  of  the  ridge,  including  the 
prominent  Victorio  Peak.  To  the  west  it  is  underlain  by  a  thin 
sheet  of  felsitic  rhyolite,  and  there  is  another  thin  sheet  of  the  rhyo- 
lite  near  the  northwestern  termination  of  the  ridge.  This  upper 
sheet  is  10  feet  thick  and  nearly  pure  white  in  color.  It  crops  out 
about  half  a  mile  south  of  the  railroad,  which  passes  just  north  of  the 
end  of  the  igneous  outcrop.  The  main  andesite  sheet  lies  on  about 
700  feet  of  shales  and  sandstones,  largely  of  reddish  tints,  which  dip 
15^-20^  slightly  east  of  north,  having  the  same  or  nearly  the  same 
attitude  as  that  of  the  andesite.  Dark  purplish-brown  fine-grained 
massive  shales  or  sandstones  predominate,  but  the  beds  include  sev- 
eral layers  of  coarse  conglomerate,  containing  bowlders  of  andesite, 
and  some  greenish  sandstones  near  the  top  contain  conglomerate 
carrying  pebbles  of  fossiliferous  Paleozoic  limestones.  This  forma- 
tion is  underlain  by  limestones  that  begin  abruptly,  and  at  the  con- 
tact, which  is  well  exposed  near  the  locality  of  section  1,  figure  9, 
there  is  but  little  evidence  of  unconformity  and  no  suggestion  of  a 
fault. 

The  structure  of  the  limestone  ridges  and  hills  constituting  the 
southern  part  of  the  range  is  complicated  by  several  faults  and 
some  overlapping,  and  the  outcrops  are  not  sufficiently  continuous 
to  exhibit  the  relations  fully.  In  Mine  Hill  there  appears  to  be  a 
regular  monocline,  and  the  southward-dipping  Fusselman  limestone 
with  characteristic  coral  fauna  on  the  south  slope  is  underlain  by 
cherty  and  siliceous  beds  of  the  Montoya  limestone,  which  constitute 
the  north  summit,  north  slope,  and  east  and  west  sides.  The  under- 
lying El  Paso  limestone  crops  out  in  the  hill  next  to  the  north,  dip- 
ping to  the  south  and  southeast  and  apparently  in  regular  succes- 
sion. The  strata  appear  to  be  cut  off  on  the  west  side  of  the  mono- 
cline by  a  fault  that  extends  along  the  foot  of  the  slope  with  a 
north-northeasterly  course  and  has  the  uplift  on  the  east  side.  It 
is  well  shown  in  the  shaft  on  the  Lesdos-Eambler  claim.  Owing  to 
this  fault,  the  outcrop  of  the  Montoya  limestone  on  the  west  side  of 
the  fault  is  offset  to  the  north,  and  it  extends  along  the  southern 
slopes  west  of  the  road  to  and  beyond  the  line  of  section  1,  figure  9.- 
For  most  of  its  course  on  this  side  of  the  fault  the  limestone  dips 
at  first  to  the  southwest  and  then  to  the  north.    The  inclination  is 
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FiouBB  0. — Sketch  map  and  cross  sections  of  Victorio  Mountains.  The  contonr  lines,  100 
feet  apart,  are  based  on  aneroid  readings,  a,  Andeslte ;  Tag,  agglomerate,  shale,  and 
sandstone ;  Og,  Oym  limestone ;  Sf,  Pusselman  limestone ;  Om,  Montoya  limestone ;  Oe, 
El  Paso  limestone ;  p,  porphyry ;  /,  felsite ;  d,  dike  of  andeslte  and  quarts  porphyry ; 
w,  quarts  yeln  with  wolfnunlte. 
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steep  near  the  wolframite  pits,  but  farther  west  it  is  only  from  15^ 
to  20^,  as  shown  in  section  1.  In  this  area  the  cherty  beds  of  the 
Montoya  are  overlain  by  the  Gym  limestone,  and  while  some  Fussel- 
man  limestone  may  intervene,  no  direct  evidence  of  its  existence  was 
obtained,  and  it  appears  to  be  cut  out  either  by  faulting  or  uncon- 
formable overlap.  Not  far  above  the  fossiliferous  layer  in  the 
Montoya  is  a  bed  of  gray  sandstone,  which  extends  all  along  the 
south  slope  of  the  range  and  crosses  the  road  half  a  mile  north  of 
the  mining  camp.  Near  this  road  and  for  a  few  rods  to  the  east 
there  is  a  low  anticline,  on  the  south  side  of  which  the  dips  are  to  the 
south-southeast.  East  of  the  road  the  sandstone  and  associated 
conglomerate,  limestone  conglomerate,  and  fine-grained  sandstone 
appear  to  pass  under  the  El  Paso  limestone,  a  relation  probably  due 
to  overthrust  of  the  limestone  along  a  branch  of  the  fault  above 
mentioned.  Some  distance  west  of  the  road  the  sandstone  member  is 
overlain  by  300  feet  of  limestone,  which  constitute  the  three  round 
knobs  on  the  southern  ridge  of  the  mountains.  Some  of  the  beds 
are  very  fine  grained  and  slabby ;  others  are  brecciated  and  massive. 
They  yield  abundant  Manzano  fossils,  by  which  they  are  identified 
as  the  Gym  limestone.  In  the  highest  knob,  as  shown  in  section  1, 
figure  9,  the  dip  is  20°  N.,  and  the  limestone  passes  under  the  con- 
glomerates and  shales.  In  the  middle  slope  of  this  knob  and  to  the 
west  the  limeistones  are  parted  by  a  60  to  80  foot  sill  of  porphyry 
similar  to  the  rock  in  Fluorite  Bidge.  A  short  distance  southeast, 
on  the  slope  of  the  middle  knot),  are  two  small  dikes,  one  of  which 
is  quartz  porphyry  and  the  other  gray  andesite,  side  by  dde  and 
trending  nearly  due  north. 

FLUORrrE  BmOE. 

Fluorite  Ridge  consists  of  a  thick  central  mass  of  porphyry  so 
intruded  as  to  cause  an  irregular  dome-shaped  uplift,  elongated  to 
the  northwest  and  southeast.  The  strata  on  the  south  and  east  sides 
of  the  dome  stand  nearly  vertical,  but  those  on  the  north  and  west 
sides  have  more  moderate  dips.  The  plane  of  intrusion  is  low  in 
'  the  Paleozoic  strata  at  the  southeast  end  of  the  uplift,  but  it  rises 
rapidly  toward  the  north  and  west  to  the  base  of  the  Sarten  sand- 
stone. Along  part  of  the  southwest  slope  of  the  ridge,  where  the 
porphyry  extends  down  to  the  edge  of  the  bolson,  the  structural 
relations  are  not  revealed.  At  the  south  end  of  the  ridge  two  or 
three  faults  cause  considerable  complexity  of  structure.  The  salient 
structural  features  are  shown  in  figure  10. 

The  crystalline  rocks  exposed  in  the  lower  slopes  southwest  of 
Fluorite  Camp  are  red  granite  and  diorite,  in  part  gneissic  and  in 
places  porphyritic    They  are  cut  off  on  the  north  by  a  vertical 
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fault  of  slight  amount,  which  at  one  point  brings  them  into  contact 
with  beds  as  high  as  the  medial  member  of  the  Bliss  sandstone.  In 
some  places  there  are  limy  shales  at  the  contact,  in  others  reddish 
quartzitic  sandstone.  The  sandstone  extends  in  conspicuous  ledges 
along  the  slope  of  the  ridge  for  half  a  mile,  at  one  place  offset  to 
the  north  by  a  cross  fault.  The  beds  dip  steeply  north  and  present 
a  succession  comprising  the  El  Paso  limestone,  Montoya  limestone, 
and  cherty  beds,  probable  Fusselman  limestone,  Percha  shale,  and 
the  lower  portion  of  the  Lake  Valley  limestone.  Some  of  the  beds 
are  greatly  squeezed,  notably  the  El  Paso  limestone,  which  presents 
a  thickness  of  only  400  feet  at  the  east  end  of  the  ridge  and  some- 
what less  to  the  west.  The  cherty  members  of  the  Montoya  lime- 
stone are  very  .conspicuous  in  the  high  knob  at  the  southeast  comer 
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FiODBB  10. — Sections  across  Fluorite  Ridge.  A-B,  Section  west-northwest  to  east-north- 
east; C-D,  section  from  northwest  to  southeast  across  east  half  of  the  ridge,  gr, 
Oranlte  and  diorite;  &«,  Bliss  sandstone;  e.  El  Paso  limestone;  «n,  Montoya  limestone 
oyerlaln  in  part  by  limestone  of  undetermined  age ;  pa,  Percha  shale :  Iv,  Lake  Valley 
limestone;  I,  Lobo  formation;  «,  Sarten  sandstone;  ag,  agglomerate;  b,  basalt  dike; 
c,  chert. 

of  the  ridge.  There  appear  to  be  a  westerly  fault,  or  two  of  them, 
near  the  north  end  of  this  limestone  knob,  but  owing  to  lack  of 
evidence  as  to  the  age  of  the  limestones  north  of  the  Montoya  ledges 
the  presence  of  the  fault  is  not  certain.  The  plane  of  porphyry 
intrusion  descends  considerably  across  the  beds  in  the  saddle  at  the 
north  end  of  this  knob,  but  in  the  slopes  just  east  and  west  of  the 
saddle  the  Percha  shale  appears;  and  as  the  plane  of  porphyry 
intrusion  rises  still  higher  to  the  northeast,  several  hundred  feet  of 
the  lower  part  of  the  Lake  Valley  limestone  is  exposed.  Farther 
east  and  north  are  several  great  masses  of  white  silica  rock,  most 
of  it  entirely  surrounded  by  porphyry.  Its  character  indicates  that 
it  is  limestone  replaced  by  silica.  One  of  these  masses  extends  as  a 
foothill  ridge  for  some  distance  north  of  Fluorite  Camp,  where  at 
one  place  it  is  90  feet  thick.    A  small  outlying  mass  rises  above  the 
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agglomerate  a  quarter  of  a  mile  east  of  the  camp.  The  age  of  this 
silica  rock  is  not  known ;  it  may  be  either  Lake  Valley  or  Montoya, 
but  is  presumably  the  latter. 

A  fault  of  considerable  magnitude,  with  downthrow  on  the  east, 
extends  along  the  east  side  of  Fluorite  Kidge  and  cuts  off  the  granite, 
sandstones,  and  limestones,  which  therefore  abut  against  the  por- 
phyry. Possibly,  however,  the  porphyry  was  intruded  since  the 
faulting.  There  are  some  indications  that  the  fault  or  a  branch  of 
it  trends  northeastward  just  north  of  Fluorite  Camp  and  passes  east 
of  the  silica  ridge ;  and,  if  so,  it  may  be  a  continuation  of  the  great 
fault  that  passes  through  Fryingpan  Spring.  The  slickensided 
plane  of  this  fault  is  exposed  in  some  of  the  fluorite  workings  just 
west  of  the  camp,  but  whether  or  not  it  cuts  the  agglomerate  or 
separates  it  from  the  porphyry  is  not  known.  The  agglomerate 
appears  all  around  the  flanks  of  Fluorite  Ridge,  but  the  exposures 
are  so  obscure  that  its  relations  to  the  porphyry  are  not  exhibited; 
in  places  the  two  are  separated  by  faults.  No  fragments  of  the  por- 
phyry of  the  kind  forming  the  intrusive  mass  were  observed  in  the 
agglomerate — a  fact  which  suggests  that  the  porphyry  may  be 
younger  than  the  agglomerate,  or  at  least  than  the  portion  in  this 
vicinity.  A  mass  of  breccia  of  considerable  size  lies  on  the  south 
slope  of  Fluorite  Hidge,  just  west  of  the  limestone  knob  that  consti- 
tutes the  southeast  end  of  the  ridge.  This  breccia  consists  mainly 
of  large  masses  of  gneiss  as  well  as  abundant  smaller  fragments  of 
the  same  rock,  and  was  apparently  brought  up  by  the  porphyry  as  a 
friction  breccia  from  the  pre^Cambrian  basement,  which  is  not  far 
below. 

The  structure  of  the  central  part  of  Fluorite  Ridge  (see  section 
A-B,  fig.  10)  is  very  different  from  that  of  the  east  end.  There  is  a 
long  slope  of  porphyry  down  to  the  bolson  on  the  south  side,  and  the 
Sarten  sandstone  dips  steeply  down  on  the  north  side.  The  sand- 
stone extends  to  the  top  of  the  ridge,  where  it  presents  a  high  cliff 
to  the  south  as  well  as  to  the  east  and  west.  On  the  east  side  of  this 
high  central  ridge  there  is  probably  a  cross  fault  continuous  with 
the  fault  that  crosses  the  road  2  miles  farther  north.  At  one  point 
in  the  cliff  at  the  summit  of  Fluorite  Ridge  the  sandstone  is  underlain 
by  a  small  amount  of  conglomerate  of  the  Lobo  formation  lying  on 
the  porphjrry.  To  the  west  of  the  high  central  ridge  the  plane  of 
the  porphyry  intrusion  descends  to  the  point  where  the  Sarten  sand- 
sUme  arches  over  the  igneous  body  in  an  anticline  that  pitches  down 
into  a  shallow  cross  syncline  in  the  gap  across  the  west  end  of  the 
ridge.  The  porphyry  rises  again  a  short  distance  to  the  west,  cre- 
ating a  low  ridge  with  crest  and  north  slope  of  porphyry.  Large 
masses  of  agglomerate  rise  above  the  bolson  along  the  base  of  this 
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portion  of  the  ridge,  especially  on  its  north  side.  The  contact  of 
the  porphyry  and  the  Lobo  and  Sarten  formations  is  well  exposed 
in  places  on  the  south  slope  of  the  central  ridge.  The  contact  is 
very  irregular,  and  in  places  long  projections  of  the  porphyry  extend 
into  the  sedimentary  rock&  Near  the  contact  the  sedimentary  rocks 
are  considerably  altered  and  the  porphyry  is  finer  grained. 

The  Sarten  sandstone  of  the  central  peak  of  Fluorite  Bidge  dips 
north  and  is  probably  cut  off  on  the  east  by  a  fault  that  crosses  the 
ridge  and  passes  northward  to  and  through  the  Pony  Hills.  The 
sandstone  extends  some  distance  north  from  the  foot  of  the  ridge 
in  a  line  of  low  cliffs  facing  east  and  marking  this  fault,  which  is 
traceable  to  and  beyond  the  old  Butterfield  road.  Near  that  road 
granite  crops  out  on  the  east  side  of  this  fault,  and  this  rock  also 
appears  farther  west  in  the  midst  of  the  Pony  Hills  and  constitutes 
the  northern  part  of  the  ridge  north  of  China  Tank. 

sw.  NE. 


FiODBS  11. — Section  acroes  the  Pony  HUIs,  13  miles  north  of  Demlng.     Q,  Bolaon  deposits ; 

8,  Sarten  sandstone ;  gr»  granite. 

PONT  HILLS. 

The  small  group  of  low  hills  in  the  center  of  the  structural  basin 
lying  between  Sarten  Bidge  and  Fluorite  Ridge  consists  of  outcrops 
of  the  Sarten  sandstone  and  granite.  The  relations  of  the  rocks 
are  considerably  obscured,  especially  to  the  west,  by  gravel  and  sand 
of  the  bolson  deposits.  The  most  conspicuous  feature  is  a  cliff  of 
the  Sarten  sandstone  extending  to  the  old  Butterfield  road  and 
nearly  continuous  southward  with  a  low  spur  of  Fluorite  Bidge. 
Low  hills  of  gneissic  granite  rise  just  east  of  the  sandstone  area,  and 
there  is  a  fault  separating  them,  as  shown  in  figure  11. 

In  the  rolling  hills  west  oi  the  main  body  of  sandstone  there  are 
outcrops  of  schistose  granite,  in  one  place  penetrated  by  a  dike  of 
diorite.  The  sandstone  lies  on  a  sloping  plain  on  the  granite,  a 
relation  which  may  indicate  overlap  but  more  likely  is  due  to  fault- 
ing. The  basal  sandstone  is  coarse,  but  not  more  so  than  some  of  the 
beds  at  high  horizons.  Much  of  the  contact  of  the  larger  mass  of 
sandstone  and  of  the  smaller  masses  to  the  west  is  covered  by  sand 
and  gravel.  The  sandstone  in  the  two  knolls  northeast  of  the  road 
is  typical  Sarten  sandstone,  but  its  relations  to  the  granite  are  not 
revealed. 
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OOAT  BIDGE. 

Goat  Ridge  rises  about  500  feet  above  the  bolson,  and  is  on  the 
prolongation  of  the  strike  of  the  anticline  of  Fluorite  Ridge.  It  is 
an  elongated  dome  with  axis  trending  northwest  and  brings  up  the 
Sarten  sandstone.  The  slopes  and  crest  ctmsist  of  rocky  ledges  of 
sandstone  and  quartzite,  which  are  eroded  through  along  the  west 
slope  and  in  the  south  end- of  the  ridge,  exposing  the  underiying 
Lobo  formation  nearly  if  not  quite  to  its  base.'  At  the  foot  of  the 
ridge  is  exposed  more  or  less  agglomerate,  which  at  the  north  end 
is  cut  by  a  dike  of  keratophyre  extending  northeast  to  and  beyond 
the  road. 

GOODBIOHT  HOUNTArNS. 

Only  a  brief  reconnaissance  was  made  of  the  Goodsight  Mountains, 
but  it  was  found  that  they  consist  of  a  mass  of  agglomerate  capped 
by  a  sheet  of  basalt  dipping  east  at  a  low  angle.  Their  highest  part 
is  at  Goodsight  Peak.    There  is  a  gentle  slope  to  the  east  on  the 


uplifted  basalt  sheet  and  a  steep  slope  on  the  west  side  in  the  under- 
lying deposits  of  agglomerate  and  ash.  In  the  valley  east  of  the 
mountains  the  basalt  finally  passes  beneath  bolson  deposits  of  gravel, 
sand,  and  clay.  The  section  at  Goodsight  Peak  given  in  figure  12 
shows  the  main  structural  features  of  the  range. 

The  agglomerate  in  slopes  below  Goodsight  Peak  is  a  very  massive 
rock  and  consists  mostly  of  large  and  angular  fragments  of  horn- 
blendti  andesitee  in  a  more  or  less  crystalline  matrix.  It  is  pre- 
cisely similar  in  aspect  to  the  agglomerate  constituting  the  north 
end  of  the  Florida  Mountains  and  appearing  in  Cooks  Range  2  miles 
southwest  of  Fort  Cummings  and  at  other  places.  It  is  overlain 
imconformably  by  gray  conglomerate  and  40  feet  of  soft  gray  sand- 
stone, both  consisting  largely  of  volcanic  materials.  Probably  this 
deposit  is  of  Quaternary  age.  The  basalt  is  in  tiiree  sheets,  200 
feet  thick  in  all,  and  probably  represents  three  effusions  of  lava. 
Much  of  it  is  veaioular.  Just  east  of  Nutt  there  is  a  long  railroad 
cut  through  the  ridge  which  reveals  a  thick  mass  of  agglomerate 
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containing  fragments  of  hornblende  latite  and  andesite.    This  is 
capped  by  the  main  basalt  sheet  farther  east 

BED  MOUNTAIN. 

Red  Mountain  consists  of  a  large  mass  of  nearly  white  felsitic 
rhyolite  rising  abruptly  out  of  the  bolson  10  miles  southwest  of 
Deming.  Much  of  the  rock  is  so  jointed,  that  it  weathers  into  nearly 
vertical  plates  and  slabs,  mostly  trending  north.  At  its  northeast 
end  the  mass  appears  to  dip  to  the  northwest,  but  elsewhere  it  pre- 
sents no  suggestion  of  structure  and  there  is  no  evidence  as  to  its 
thickness.  At  the  base  of  the  slope  on  the  south  side  there  is  a 
small  exposure  of  agglomerate,  presumably  imderlying  the  rhyolite. 
This  material  is  dark  bluish  gray,  and  the  fragments,  which  are  all 
angular,  consist  of  andesite  or  latite.  At  other  points  the  rhyolite 
or  its  talus  extends  down  to  the  edge  of  the  bolson  deposits.  It  is 
probable  that  the  Red  Mountain  igneous  mass  was  extruded  in  a 
highly  viscous  condition,  so  that  it  piled  up  thickly  without  extend- 
ing far  beyond  its  present  area.  The  date  of  its  extrusion  and  its 
subsequent  history  are  not  known,  but  if  it  is  of  the  same  age  as  the 
other  masses  of  similar  rock  it  was  once  covered  by  agglomerate. 

BLACK  MOUNTAIN. 

Black  Mountain,  which  rises  high  above  the  bolson  8  miles  north- 
west of  Deming,  consists  of  a  sheet  of  basalt  about  250  feet  thick, 
capping  a  mass  of  volcanic  ash  and  sand.  Apparently  it  is  the 
remnant  of  a  flow  or  series  of  flows  which  originally  had  consider- 
ably greater  extent.  At  the  west  end  of  the  mountain  the  base  of 
the  basalt  is  about  500  feet  above  the  bolson,  and  the  long  slope  below 
shows  deposits  of  sand  and  volcanic  ash  and  tuff,  largely  covered 
by  talus  of  the  black  rock  from  the  cliffs  above.  The  igneous  sheet 
dips  to  the  east  at  a  low  angle,  and  this  dip  finally  carries  it  beneath 
the  surface  at  the  east  end  of  the  mountain.  How  much  farther  it 
extends  underground  and  its  former  extent  to  the  west  are  not  known. 
A  small  outlying  mass,  separated  by  erosion,  caps  a  knob  on  the 
south-central  slope  of  the  mountain.  A  small  area  of  similar  rock 
appears  in  two  low  buttes  2  miles  northwest  of  Black  Mountain,  and 
there  may  be  underground  connection  between  the  two  areas.  The 
basalt  of  Black  Mountain  is  mostly  dense  and  massive,  but  portions 
are  somewhat  cellular,  and  in  a  few  places,  especially  near  the  basalt 
contact,  the  cellular  structure  is  so  highly  developed  that  the  rock 
is  a  scoria  or  pumice.  The  basal  contact  appears  to  be  a  relatively 
smooth  plane,  so  far  as  can  be  inferred  from  widely  scattered  ex- 
posures. The  underlying  beds  of  fragmental  material  dip  east  at 
about  the  same  angle  as  the  igneous  sheet.    Their  principal  com- 
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ponent  is  sand,  more  or  less  mized  with  volcanic  material  in  the 
form  of  ash  and  pumice,  and  some  portions  contain  cross-bedded 
pebbly  streaks.  Low  down  at  the  southwest  comer  of  the  mountain 
there  are  exposures  of  igneous  rocks  cutting  these  sediments.  One 
mass  is  a  dark-gray  obsidian  or  perlite  in  a  sheet  4  or  5  feet  thick. 
It  has  a  circular  outcrop,  presents  low  cliffs  to  the  south  and  west, 
and  apparently  is  connected  with  a  vertical  dike  on  its  east  side. 
In  the  center  of  this  area  is  a  small  body  of  light-colored  intrusive 
biotite  rhyolite  with  pronounced  cleavage  into  slabs.  A  few  rods 
southwest  of  this  locality  there  is  a  small  knob  about  50  feet  high 
separated  from  the  foot  of  Black  Mountain  by  a  low  saddle.  This 
knob  consists  of  a  vertical  dike  of  basalt  15  to  20  feet  wide,  cutting 
the  agglomerate  along  a  northerly  course.  Possibly  this  was  a  feeder 
for  the  main  outflow  of  the  basalt  of  Black  Mountain,  but  the  surface 
connection  has  been  removed  by  erosion. 

SNAKE  Hnxs. 

The  Snake  Hills,  sometimes  called  the  Rattlesnake  Hills,  consist  of 
a  ridge  of  limestone  which  crops  out  across  the  southern  part  of  T.  24 
S.,  R.  10  W.    Its  length  is  about  2^  miles,  and  the  knobs  of  the  higher 
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FiGUBB  13. — Beetion  throagh  Snake  Hills,  a.  Limestone  with  chert  In  large  bodies;  h, 
limestone  with  chert  mostly  In  thin  alternating  layers;  c,  massive  dark  sandy  lime- 
stone; m,  Montoya  limestone;  e,  BI  Paso  limestone. 

summits  are  mostly  from  150  to  200  feet  above  the  plain.  The  east' 
half  consists  of  the  El  Paso  limestone  dipping  5°  to  8^  W.,  and  thus 
exposing  about  700  feet  of  beds.  The  west  half  consists  of  the  over- 
lying Montoya  limestone,  which  first  dips  west  and  then  is  flexed  in 
a  low  dome,  deeply  eroded  in  its  center  and  almost  flat  along  the  west 
side  of  the  ridge.  The  cherty  beds  of  the  Montoya  limestone  form 
the  dominant  topographic  features,  giving  rise  to  the  high  central 
buttes.    The  structure  is  shown  in  figure  13. 

The  succession  of  rocks  in  the  Montoya  limestone  comprises  a  dark 
massive  limestone  at  the  base,  next  a  lower  chert  member,  then  a 
medial  member  of  dark  massive  limestone  presenting  low  cliffs,  and 
at  the  top  a  highly  cherty  member  capping  the  highest  knob  and 
extending  down  the  west  end  of  the  ridge.  This  rock  appears  again 
in  a  small  outcrop  rising  out  of  the  bolson  a  few  rods  northeast  of 
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the  west  end  of  the  ridge.  The  basal  contact  of  the  massive  lower 
member  of  the  Montoya  limestone  on  the  El  Paso  limestone  shows 
evidence  of  miconformity  by  erosion,  although  there  is  no  notable 
discordance  in  dip. 

KliONDIKE  HHJiS. 

The  Klondike  Hills,  near  the  west  edge  of  the  county,  consist 
mainly  of  two  narrow  limestone  ridges  trending  east  and  in  part 
rising  into  buttes  of  considerable  prominence.  The  principal  struc- 
tural features  are  shown  in  figure  14. 

The  granite  exposure  occupies  a  small  area  in  the  middle  of  the 
hills,  a  short  distance  west  of  the  southern  high  knob.  The  rock  is 
red  to  gray  in  color,  and  although  part  of  it  is  coarse  grained,  much 
of  it  has  a  well-developed  banded  structure  and  may  be  classed  as 
gneiss.  The  granite  appears  to  be  cut  oflf  on  the  west  by  a  slight 
fault,  but  to  the  east  it  passes  under  brown  sandstone  (the  Bliss), 

w.  e. 


FioUBS  14.-^ectloii  through  Klondike  Hills,  gr.  Granite  and  gneiss;  h9.  Bliss  sand- 
stone; e.  El  Paso  limestone;  m,  Montoya  limestone  (sandstone,  dark  limestone,  and 
cherty  limestone)  ;  s,  sandstone  at  base  of  Montoya  limestone ;  r,  fclsitic  rhyolite. 

which  is  only  a  few  feet  thick  and  is  largely  obscured  by  talus. 
Next  to  the  east  is  an  eastward-dipping  succession  of  typical  El  Paso 
limestone  several  hundred  feet  thick  and  cherty  Montoya  limestone 
apparently  150  feet  thick.  At  the  base  of  the  Montoya  is  sandstone 
6  to  8  feet  thick  lying  on  an  irregularly  eroded  surface  of  the  El 
Paso  limestone  and  grading  up  into  30  or  40  feet  of  dark  sandy  lime- 
stone. These  two  members  are  supposed  to  represent  the  dark  basal 
limestone  at  many  other  localities.  The  purer  Montoya  beds  contain 
abundant  fossils.  The  cherty  beds  give  rise  to  the  two  conical  high 
buttes  and  the  rugged  ridges  at  the  east  end  of  the  hills.  To  the  east 
there  is  some  cross  faulting,  which  is  clearly  indicated  by  the  re- 
appearance of  the  basal  sandstone  of  the  Montoya  on  the  slope  of 
the  southeastern  ridge,  and  by  the  duplication  of  certain  f ossiliferous 
layers. 

The  western  portion  of  the  Klondike  Hills  consists  in  part  of  the 
characteristic  El  Paso  limestone  dipping  mainly  at  low  angles  to 
the  north  and  cut  off  to  the  southwest  by  rhyolite,  which  crops  out 
in  an  area  about  half  a  mile  long.  In  places  near  the  igneous  rock 
there  has  been  a  large  amount  of  siliceous  replacement  in  the  lime-- 
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stone,  doubtlesB  due  to  the  secondary  deposition  in  connection  with 
the  intrusicHi. 

CEDAR  GROVE   MOUNTAINS. 

The  Cedar  Grove  Mountains  were  examined  only  at  a  few  widely 
separated  localities.  The  range  is  a  single-crested  ridge  extending 
continuously  across  the  southwest  comer  of  the  county  to  Carrizalillo 
Spring.  It  consists  mainly  of  a  long  sheet  or  succession  of  sheets 
of  latite  lying  on  agglomerate.  In  places  the  latite  is  underlain  by 
andesite  and  rhyolite.  The  dip  is  toward  the  northeast  at  a  low 
angle,  which  carries  the  main  igneous  sheet  below  the  agglomerate, 
but  in  places  it  is  overlapped  by  bolson  deposits.  A  sketch  section 
made  along  the  main  road  through  the  Williams  ranch  is  given  in 
figure  15. 

About  20  feet  of  the  rhyolite  is  exposed  at  the  foot  of  the  moun- 
tain slope  overlain  by  60  feet  of  red  to  gray  coarse  breccia  and  tuff 

9.  N. 


J_ 

b 

*— ^      1.                  ^      ^<Tr.. 

ft^^3>'*' 

^'j^ijFau>j..,.j....4^.:^ 

?....'?• 

IfiCOfOtt 

FiGDBLB  15. — Sketch  section  across  the  Cedar  Grove  Mountains  north  of  Williams  ranch. 
Thicknesses  approximate.  Vertical  scale  exaggerated,  ag.  Agglomerate;  ql,  quarts 
latite ;  a,  hornblende-augite  andesite ;  k,  keratophyre ;  b,  basalt ;  r,  homblende-biotlte 
rhyolite ;  Q,  bolson  deposits. 

of  the  agglomerate  series.  The  sheet  of  hornblende  andesite  may 
be  separated  from  the  hornblende  latite  by  tuff,  but  the  contacts  are 
not  exposed.  The  latite  constitutes  the  crest  and  northeastern  slope 
of  the  main  ridge,  and  evidently  is  a  very  extensive  flow,  for  it  was 
observed  at  intervals  to  the  south  end  of  the  range.  The  relations 
at  its  top  are  not  well  exposed,  owing  to  the  covering  of  bolson  de- 
posits and  talus,  but  above  it  there  is  a  thick  mass  of  agglomerate 
penetrated  by  various  igneous  masses  and  overlain  by  a  thin  sheet  of 
dark  fine-grained  keratophyre.  The  light-gray  agglomerate  is  well 
exposed  in  the  slopes  below  this  sheet  of  keratophyre  along  the  little 
valley  extending  west  toward  the  Cedar  Grove  ranch.  In  the  promi- 
nent ridge  west  of  that  ranch  the  latite  is  overlain  by  a  coarse  pink 
rhyolite,  although  possibly  the  two  masses  are  separated  by  a  fault. 
At  Smith's  ranch  the  igneous  rock  constituting  the  crest  and  east 
slope  of  the  mountain  is  a  thick  sheet  of  latite.  It  is  overlain  by  a 
succession  of  andesite,  rhyolite,  trachyte,  and  latite  sheets,  in  all 
about  160  feet  thick  and  dipping  gently  to  the  east.  These  rocks 
are  overlain  by  tuffs  and  agglomerate,  with  thin  flows  of  rhyolite 


94  LUNA  oouNrr,  new  Mexico. 

extending  south  up  the  valley  to  the  Cox  ranch  and  beyond.  At  the 
Cox  ranch  a  sheet  of  the  rhyolite  is  especially  conspicuous.  It  gives 
rise  to  a  line  of  knobs  and  foothills  at  the  base  of  the  northeast  slope 
of  the  mountains  in  this  region.  A  short  distance  northeast  of  the 
main  Cedar  Grove  Mountains,  or  on  the  east  side  of  the  valley  re- 
ferred to  above,  there  is  a  parallel  ridge  extending  north  from 
Hermanas  nearly  to  the  main  road  southwest  of  the  Klondike  ranch. 
It  is  not  as  high  as  the  mountains,  and  its  crest  is  broken  into  knobs 
and  ridges  of  moderate  prominence.  This  outlying  ridge  is  capped 
by  a  thick  sheet  of  basalt  lying  on  fragmental  volcanic  deposits  and 
dipping  gently  to  the  northeast  under  the  bolson.  Another  area  of 
basalt  occurs  on  the  south  side  of  the  Cedar  Grove  Mountains  about 
the  Williams  ranch,  and  a  small  mass  appears  near  the  main  road 
3  miles  southwest  of  the  Klondike  ranch. 

GABRIZALILIX)  HILLS. 

The  Carrizalillo  Hills  form  a  detached  southern  continuation  of 
the  Cedar  Grove  Mountains,  and  the  structure  and  rocks  are  similar. 
The  northern  group  of  hills  consists  of  hornblende  latite  and  the 
southern  group  of  hornblende-biotite  rhyolite  and  rhydite  tuff.  Both 
latite  and  rhyolite  lie  on  tuffs  and  agglomerate,  and  all  the  beds  dip 
eastward  at  low  angles.  There  is  some  faulting,  but  the  relations  of 
the  faults  were  not  ascertained.  The  latite  sheet,  or  a  dike  of  that 
rock,  crosses  the  valley  just  below  Carrizalillo  Spring,  and  doubtless 
it  is  the  presence  of  this  barrier  to  the  underflow  that  brings  the 
water  to  the  surface. 

SIERRA  RICA. 

The  north  end  of  the  Sierra  Rica  extends  a  short  distance  into 
the  southwest  comer  of  Luna  County  and  consists  of  Lower  Cre- 
taceous strata.  The  principal  rock  outcrops  are  two  prominent  knobs 
or  buttes,  shown  in  Plate  VII,  A  (p.  15),  and  there  are  several 
smaller  ridges,  all  in  an  area  of  about  2  square  miles.  The  most 
abundant  rock  is  limestone,  which  constitutes  the  large  buttes.  It  is 
of  a  light  blue-gray  color  and  is  in  part  massive  and  in  part  thin 
bedded.  It  contains  Trinity  fossils.  There  is  a  general  dip  of  4*^-5° 
N.  in  most  of  the  area,  but  near  the  international  boundary  line  the 
monocline  gives  place  to  a  low  anticline.  The  axis  of  this  flexure 
trends  east  and  passes  through  a  small  gap  a  quarter  of  a  mile  north 
of  boundary  stone  39.  East  of  the  southeast  end  of  the  southern  high 
butte  there  are  slopes  and  a  valley  of  limy  shale,  east  of  which  sandy 
limestone  rises  in  low  ridges.  This  rock  is  highly  fossiliferous,  some 
of  the  upper  layers  being  filled  with  large  Exogyras  believed  to  be 
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of  Washita  age.  If  this  correlation  is  correct  these  beds  are  sepa- 
rated from  the  older  limestone  of  Trinity  age  by  a  fault  with  down- 
throw on  the  east  side.  A  mile  east  of  boundary  stone  89  there  is  a 
mineral  lead  trending  northeast,  along  this  fault  or  a  large  jcMnt 
plane.  On  its  east  side  is  a  gray  quartzite  which  crops  out  in  the 
axis  of  the  anticline  a  quarter  of  a  mile  northwest  of  boundary  stone 
38.  The  vein  is  of  varying  width  and  consists  of  iron  oxides  carry- 
ing disseminated  bodies  and  grains  of  fairly  rich  argentiferous 
galena.  It  has  been  worked  in  a  small  way  for  several  years,  ap- 
parently without  much  profit,  if  any.  The  diggings  are  known  as 
the  International  mine.  Near  the  mine  and  west  of  it  are  small  dikes 
of  felsite.  Boundary  stone  38  is  on  a  knoll  which  is  the  easternmost 
outcrop  of  the  area.    It  consists  of  gray  slabby  limestone. 

GRANDMOTHER  MOUNTAINS. 

The  Grandmother  Mountains,  in  T.  23  S.,  Rs.  12  and  13  W.,  con- 
sist of  a  group  of  peaks  and  ridges  composed  of  felsitic  rhyolite. 
The  rock  rises  abruptly  out  of  the  bolson  6  miles  north  of  Gage  and 
presents  no  evidence  of  its  relations  to  the  sedimentary  rocks  or  to 
the  agglomerate  which  probably  underlies  most  of  the  area.  It  was 
not  possible  to  determine  the  structure  of  the  igneous  mass,  but  it 
appears  to  be  a  center  of  eruption  and  possibly  an  irregular  series  of 
stocks  or  dikes  and  sheets.  The  rock  is  very  uniform  in  character 
throughout  and  includes  but  little  fragmental  material. 

OOW  CONE  AND  00 W  SPRING  HILLS  REGION. 

The  conspicuous  conical  butte  known  as  Cow  Cone,  in  the  north- 
western part  of  the  county,  and  the  knobs  and  ridges  southeast  of  it, 
comprising  most  of  the  Cow  Spring  Hills,  are  masses  of  felsitic 
rhyolite.  The  high  ridge  at  the  south  end  of  these  hills  is  a  wide- 
spread sheet  or  succession  of  sheets  of  homblende-biotite  rhyolite 
lying  on  agglomerate  and  other  fragmental  deposits.  Cow  Cone  and 
the  adjoining  knobs  appear  to  be  stocks  or  fragments  of  sheets. 
The  cone  presents  a  strongly  marked  bedded  structure,  with  dips  of 
about  30°  W.  The  rock  on  top  is  pink  and  flaky  and  the  material 
lower  down  is  gray  and  massive.  The  rocks  in  the  knob  next  east 
are  nearly  white.  Cow  Spring  Hills  begin  in  a  high  ridge  just  south 
of  Cow  Spring.  The  rock  here  is  coarse  grained  and  massive  and 
appears  to  be  an  irregular  sheet  extending  6  miles  along  its  south- 
easterly course.  It  has  various  minor  irregularities,  due  partly  to 
intercalated  fragmental  beds,  and  appears  to  be  cut  off  by  an  east- 
west  fault  near  the  south  line  of  T.  22  S.,  R.  12  W.  Doubtless  it 
imderlies  the  area  on  the  east  which  is  covered  by  bolson  deposits,  for 
it  is  exposed  by  erosion  in  the  hollow  in  that  direction. 
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South  of  the  supposed  fault  just  mentioned  rises  a  prominent  es- 
carpment, which  extends  to  the  west  end  of  the  ridge  and  thence 
swings  around  its  point  and  for  some  distance  down  the  northeast 
side  of  the  Cow  Creek  valley.  This  escarpment  shows  200  to  300 
feet  of  volcanic  ash,  tuffs,  and  other  fragmental  beds,  in  large  part 
water-laid,  overlain  by  a  thick  sheet  of  rhyolite.  This  sheet  and  the 
underlying  deposits  slope  to  the  southeast  and  finally  pass  beneath 
the  bolson  deposits.  The  igneous  rock  is  a  coarse-grained  massive 
hornblende-mica  rhyolite,  apparently  in  two  sheets  each  about  60 
feet  thick,  with  an  intervening  sheet  of  finer-grained  rock  30  feet 
thick.  The  top  flow  is  light  colored ;  the  bottom  one  has  a  reddish 
tint  and  weathers  into  large  blocks  and  cliffs.  A  sheet  of  rhyolite 
similar  to  the  lower  member  crops  out  along  the  north  side  of  the 
valley  in  the  northern  and  eastern  parts  of  T.  22  S.,  R.  12  W.  Part 
of  it  lies  on  white  massive  agglomerate,  which  in  turn  is  under- 
lain by  felsitic  rhyolite,  probably  in  a  northern  extension  of  the 
great  flow  of  the  Cow  Spring  Hills.  If  this  is  the  case,  it  indicates 
that  in  this  general  region  there  is  a  succession  of  felsitic  rhyolite, 
agglomerate,  and  homblende-biotite  rhyolite.  Not  far  above  the 
homblende-biotite  rhyolite  at  the  locality  above  mentioned  is  a  sheet 
of  fine-grained  dark-brown  basalt  40  feet  thick.  It  lies  on  conglom- 
erate and  dips  10^  N.  20^  E.  Three  miles  farther  west  there  is  a 
40-foot  sheet  of  very  fine  grained  black  basalt,  lying  on  a  few  feet  of 
light-colored  agglomerate,  which  in  turn  is  underlain  by  felsitic 
rhyolite  that  forms  part  of  the  Cow  Spring  mass.  The  black  basalt 
at  this  place  is  full  of  flow  cracks  and  lines,  which  appear  plainly  in 
the  weathered  rock.  A  mile  to  the  west  is  exposed  a  mud  flow,  which 
may  be  part  of  the  same  igneous  extrusion.  It  lies  on  several  hundred 
feet  of  sandstone  and  conglomerate,  white,  red,  and  green  in  color, 
probably  members  of  the  great  agglomerate  series. 

ARENA  HILLA. 

East  of  Arena,  in  the  southeast  comer  of  the  county,  there  is  a 
low  bench  or  step  rising  to  a  wide  plateau,  in  places  200  feet  higher 
than  the  bolson  at  and  west  of  Arena.  The  west  slope  and  surface 
of  the  plateau  is  made  up  of  sand,  but  out  of  it  rise  scattered  knolls 
of  rocks  of  various  kinds,  which  probably  indicate  the  existence  of  a 
long  rocky*  ridge  nearly  buried  by  Quaternary  deposits.  One  large 
knoll  rising  200  feet  above  the  sandy  surface  east  of  Arena  consists 
in  part,  or  perhaps  entirely,  of  quartz  monzonite  porphyry  somewhat 
similar  to  some  of  the  rock  of  the  Cooks  Peak  region.  A  small  knoll 
at  international  boundary  stone  14  consists  of  hornblende  andesite, 
and  two  small  ridges  northwest  of  boundary  stone  15  are  made  up  of 
felsitic  rhyolite. 
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There  are  several  prominent  peaks  and  ridges  northeast  of  the 
Birchfield  ranch.  The  westernmost  one  rises  300  feet  above  the 
bolson  and  consists  entirely  of  limestone.  The  beds  dip  20°  west  by 
south,  and  the  thickness  exposed  is  about  1,000  feet.  The  rocks  are 
blue-gray  of  various  tints,  and  the  bedding  varies  from  slabby  to 
massive;  near  the  top  are  some  ledges  of  coarse  limestone  conglom- 
erate. A  few  fragmentary  fossils  observed  appear  to  be  of  Pennsyl- 
vanian  age,  but  this  identification  is  by  no  means  certain.  A  short 
distance  east  of  the  limestone  ridge  is  a  butte  showing  some  agglom- 
erate and  a  sheet  of  soda  granite  porphyry.  Farther  northeast, 
along  the  east  margin  of  the  county,  are  some  other  outcrops  of 
igneous  rocks  rising  above  the  plateau,  but  they  were  not  visited. 
The  plateau  here  consists  partly  of  a  soft  sandstone  with  some  con- 
glomerate layers  which  may  be  older  than  Quaternary,  but  the 
relations  were  not  ascertained. 

BURDICK  HILLS. 

The  Burdick  Hills  are  a  series  of  outlying  knolls  at  the  edge  of  a 
higher  level  or  step  in  the  plain  of  bolson  deposits  south  of  the 
valley  of  Palomas  Arroyo  west  of  lola.  These  hills  consist  largely 
of  small  masses  of  various  igneous  rocks,  which  show  but  little  of 
their  relations  to  one  another.  There  is  an  eastern  or  outer  rim  of 
hornblende  latite,  some  dikes  and  probable  stocks  of  felsitic  rhyolite 
and  quartz  porphyry,  and  some  small  showings  of  homblende-biotite 
rhyolite.  No  contacts  are  clearly  exposed  except  in  the  larger  area 
in  the  southeast  corner  of  T.  26  S.,  R.  11  W.,  where  the  agglomerate 
appears  to  be  cut  by  dikes  of  rhyolite  and  quartz  porphyry.  At  one 
point  farther  west  there  is  a  small  showing  of  black  basalt  similar  to 
that  which  appears  in  Black  Mountain  and  at  several  other  places 
in  the  county. 

MIDWAY  BUTTES. 

The  Midway  Buttes  are  knobs  of  felsitic  rhyolite  rising  out  of  the 
bolson  3  miles  south-southwest  of  lola.  They  appear  to  be  stocks, 
but  no  details  of  structure  or  relations  are  revealed. 

GEOLOGIC  HISTOBY. 

General  sedimentary  record, — Some  of  the  rocks  appearing  at  the 
surface  in  Luna  County  are  of  sedimentary  origin ;  others  are  igneous 
outflows  or  intrusions.  The  sedimentary  rocks  consist  of  limestone, 
sandstone,  shale,  sand,  loam,  and  gravel,  all  presenting  more  or  less 
variety  in  composition  and  appearance.  The  principal  materials  of 
which  they  are  composed  were  originally  gravel,  sand,  or  mud  de- 
rived from  the  waste  of  older  rocks,  or  chemical  precipitates  from 
salty  watera. 
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These  rocks  afford  a  record  of  geologic  events  in  the  region  from 
pre-Cambrian  time  to  the  present.  The  composition,  appearance, 
and  relations  of  the  strata  indicate  in  some  measure  the  conditions 
mider  which  they  were  deposited.  Sandstone  ripple-marked  and 
cross-bedded  by  currents  and  shale  cracked  by  drying  on  mud  flats 
were  deposited  in  shallow  water;  pure  limestone  indicates  open  seas 
and  scarcity  of  land-derived  sediment.  The  fossils  which  the  strata 
contain  may  belong  to  species  known  to  inhabit  waters  that  are  fresh, 
brackish  or  salt,  warm  or  cold,  muddy  or  clear. 

The  character  of  the  adjacent  land  may  be  indicated  by  the 
sediments  derived  from  its  waste.  The  quartz  sand  and  pebbles  in 
coarse  sandstones  and  conglomerates  had  their  source  in  the  older 
rocks,  but  in  many  places  have  been  repeatedly  redistributed  by 
streams  and  concentrated  by  wave  action  on  beaches.  Bed  shale 
such  as  that  of  the  Lobo  formation  results  as  a  rule  from  the 
revival  of  erosion  on  a  land  surface  long  exposed  to  rock  decay  and 
oxidation,  and  hence  covered  by  deep  residual  soil.  Limestone,  on 
the  other  hand,  if  deposited  near  the  shore,  indicates  that  the  land 
was  low  and  that  the  streams  were  too  sluggish  to  carry  off  coarse 
material,  the  sea  receiving  only  fine  sediment  and  matter  in  solution. 

The  older  formations  exposed  by  the  uplifts  in  Luna  County  were 
laid  down  in  seas  that  covered  a  large  part  of  the  west-central  United 
States,  for  many  of  the  formations  are  continuous  throughout  a  vast 
area.  The  land  surfaces  were  probably  large  islands  of  an  archi-* 
pelago  that  was  in  a  general  way  coextensive  with  the  present  Rocky 
Mountain  province,  but  the  peripheral  shores  are  not  even  approxi- 
mately determined  for  any  one  epoch,  and  the  relations  of  land  and 
sea  varied  greatly  from  time  to  time.  The  strata  brought  to  view 
by  the  uplifts  in  southwestern  New  Mexico  record  many  local  varia- 
tions in  the  geography  and  topography  of  the  ancient  land. 

Cambrian  submergence. — One  of  the  notable  events  of  early  Paleo- 
zoic time  in  North  America  was  the  wide  expansion  of  an  interior 
sea  over  the  west-central  region.  The  submergence  reached  the 
Bocky  Mountain  province  in  the  Cambrian  period,  and  for  a  time  a 
large  part  of  the  province  remained  as  land  rising  above  the  waters. 
Its  rocks  were  granites,  gneisses,  and  in  some  areas  sandstones  and 
quartzites  of  Algonkian  age.  From  the  ancient  crystalline  rocks 
streams  and  waves  gathered  and  concentrated  sand  and  pebbles, 
which  were  deposited  as  a  widespread  sheet  of  sandstone  on  sea 
beaches,  partly  in  shallow  waters  off  shore  and  partly  in  estuaries.* 
Abutting  against  the  irregular  surface  of  the  crystalline  rocks  which 
formed  the  shore  are  sediments  containing  this  local  material.  Sub- 
sequently, the  altitude  being  reduced  by  erosion  and  the  area  possibly 
lessened  by  submergence,  the  land  yielded  the  finer-grained  mud 
now  represented  by  the  shale  in  the  upper  portion  of  the  Cambrian 
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in  some  areas.  In  southern  New  Mexico  and  the  adjoining  regions 
on  the  east  and  west  the  surface  of  the  crystalline  rocks  was  finally 
buried  beneath  the  sediments. 

Ordavician  and  Silurian  conditions, — ^The  southern  New  Mexico 
region  was  submerged  by  the  sea  during  parts  of  Ordovician  and 
Silurian  time,  and  thick  deposits  of  calcium  carbonate  were  laid 
down.  The  deposits  now  form  limestones  that  are  prominent  mem- 
bers of  the  stratigraphic  series.  There  were  several  widespread 
uplifts  of  the  region  during  this  long  period,  causing  protracted 
interruption  of  the  sedimentation,  and  doubtless  also  the  resulting 
land  surfaces  were  more  or  less  extensively  reduced  by  erosion.  The 
older  formations  were  not  deformed,  however,  and  the  erosion  of  the 
land  surfaces  progressed  in  such  a  way  as  to  produce  no  marked 
irregularities  in  the  floor  on  which  the  succeeding  formation  was 
deposited. 

Devonian  conditions. — In  some  portions  of  the  Southwest  the 
Devonian  system  is  represented  by  extensive  deposits  of  limestone, 
but  in  a  part  of  southern  New  Mexico  only  black  shale  appears,  and 
it  represents  but  a  small  fraction  of  Devonian  time.  This  meager 
record  is  probably  due  to  the  fact  that  during  a  large  part  of  this 
period  this  region  was  covered  by  an  extensive  but  shallow  sea,  or 
else  the  land  was  so  low  as  to  leave  no  noticeable  evidence  of  erosion. 
On  the  other  hand,  it  is  possible  that  the  sea  was  so  deep  and  the  area 
so  far  from  shore  that  it  did  not  receive  appreciable  deposits. 
Whether  it  remained  land  or  sea  or  alternated  from  one  to  the  other, 
the  region  shows  no  evidence  of  having  undergone  any  considerable 
general  uplift  or  depression  until  early  Carboniferous  time.  Then 
there  was  an  extensive  subsidence,  which  established  relatively  deep- 
water  and  marine  conditions  throughout  a  large  part  of  the  Rocky 
Mountain  province. 

Carhofdferovs  sea, — Under  the  marine  conditions  of  early  Car- 
boniferous time  calcareous  sediments  were  laid  down  in  southern 
New  Mexico  and  adjoining  regions.  They  are  now  represented  by 
several  hundred  feet  of  nearly  pure  limestone  known  as  the  Lake 
Valley  limestone.  As  no  coarse  deposits  of  this  age  occur,  it  is  prob- 
able that  no  crystalline  rocks  were  then  exposed  above  water  in  this 
immediate  region,  although  in  central  New  Mexico  these  rocks  rise 
as  a  shore  cutting  off  the  earlier  Carboniferous  sediments. 

In  later  Carboniferous  (Pennsylvanian)  time  there  were  several 
widespread  oscillations  of  land  and  sea  resulting  in  alternations  of 
submergence,  shore,  and  land  which  continued  for  varying  lengths 
of  time  and  affected  somewhat  different  areas  during  different  por- 
tions of  the  period.  Apparently  at  times  the  entire  Rocky  Moun- 
tain province  was  under  water  and  calcium  carbonate  was  deposited 
in  a  widespread  mantle.     In  the  Deming  region  the  earlier  sedi- 
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ments  of  the  Pennsylvanian  series  are  absent,  but  the  later  portion  of 
that  epoch  is  represented  by  limestones  which  are  thick  in  the 
Florida  Mountains  and  lie  on  an  irregular  surface  that  was  developed 
by  subaerial  erosion.  In  Cooks  Kange  small  amounts  of  the  earlier 
Pennsylvanian  sediments  remain.  There  is  uncertainty  as  to  the 
representation  of  later  deposits  of  the  Carboniferous  period,  for  the 
age  of  the  Lobo  formation  is  not  indicated  by  any  evidence  at  pres- 
ent avails^ble,  and  in  view  of  the  unconformities  at  the  base  and  top  of 
that  formation  it  is  herein  tentatively  classified  as  Triassic  (?).  It 
is  evident  that  before  the  deposition  of  that  formation  there  was 
uplift  with  more  or  fess  tilting  and  that  great  erosion  ensued,  for  an 
uplifted  block  along  the  fault  at  Capitol  Dome  was  planed  off  1,000 
feet  or  more  before  the  deposition  of  the  Lobo. 

Early  Mesosoic  conditions, — As  the  Triassic  and  Jurassic  periods 
are  not  known  to  be  represented  in  southern  New  Mexico,  it  is 
probable  that  the  area  was  a  land  surface  for  a  long  time  during  the 
early  part  of  the  Mesozoic  era.  As  stated  above  the  Lobo  formation 
is  tentatively  classified  as  Triassic  (?),  but  it  may  represent  late 
Carboniferous  or  even  early  Cretaceous  times.  It  is  probable  that 
some  deposits  were  laid  down  in  the  Triassic  or  Jurassic  period, 
even  if  they  were  only  the  products  of  streams  or  lakes  and  were 
removed  by  erosion  prior  to  the  Cretaceous  period.  Aside  from 
some  widespread  planation  there  was  at  this  time  no  notable  de- 
formation, and  apparently  irregularities  of  land  surface,  if  de- 
veloped, did  not  persist. 

Cretaceous  sects. — ^During  the  Cretaceous  period  a  great  series  of 
deposits  of  various  kinds  but  generally  uniform  throughout  wide 
areas  were  accumulated  over  a  large  part  of  the  western  United 
States.  Probably,  however,  some  areas  in  the  central  part  of  the 
Rocky  Mountains  were  not  submerged  during  this  period  or  were 
land  surfaces  during  parts  of  it.  The  earliest  Cretaceous  sediments 
were  such  as  are  characteristic  of  shallow  seas  and  estuaries  along  a 
coastal  plain.  These  passed  into  sediments  from  marine  waters,  and 
these  in  turn  changed  toward  the  end  of  the  period  to  fresh-water 
sands  and  clays  with  marsh  vegetation.  Toward  the  south  were 
open  seas  in  the  earlier  part  of  the  period  in  which  extensive  de- 
posits of  calcium  carbonate  were  laid  down.  In  part  of  southwestern 
New  Mexico  a  thick  body  of  nearly  pure  sand  was  deposited  in 
Comanche  time,  mainly  on  the  surface  of  the  Lobo  formation  but 
possibly  overlapping  granite  in  the  Pony  Hills  region.  It  is  now 
the  Sarten  sandstone,  and  although  that  formation  does  not  crop  out 
in  the  southern  half  of  the  county  and  in  adjoining  regions  to  the 
southeast  and  southwest,  it  was  probably  deposited  over  an  area  of 
considerable  extent.  The  later  Comanche  deposits  and  also  the 
Dakota  sandstone  appear  to  be  absent,  as  the  Sarten  sandstone  is  sue- 
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ceeded  by  the  Colorado  shale,  but  without  notable  evidence  of  un- 
conformity to  represent  the  long-lime  interval  between  them.  The 
shale  is  a  product  of  marine  deposition,  which  was  of  great  extent  in 
the  Rocky  Mountains  and  adjoining  provinces.  In  Luna  County 
only  a  small  thickness  of  the  shale  appears,  and  although  later  rocks 
of  the  Cretaceous  period  were  probably  deposited  they  are  buried 
under  the  agglomerate  or  the  bolson  deposits. 

Tertiary  deposition^  volcamsm^  and  uplift — ^The  great  deposit  of 
agglomerate  which  occupies  so  large  a  part  of  southwestern  New 
Mexico  is  believed  to  have  been  accumulated  chiefly  during  earlier 
Tertiary  time,  although  some  of  the  deposits  may  be  of  Quaternary 
age  and  some  may  be  as  old  as  Cretaceous.  The  Tertiary  was  a 
period  of  great  igneous  activity^  for  at  times  great  sheets  of  lavas 
of  various'kinds  were  extruded  and  a  vast  amount  of  f  ragmental  vol- 
canic material  was  poured  out.  The  location  of  the  vents  or  vol- 
canoes from  which  these  rocks  came  is  not  known,  but  undoubtedly 
they  are  represented  in  part  by  the  stocks  and  dikes  now  visible. 
Igneous  rocks  were  also  intruded  into  the  sedimentary  strata,  mainly 
the  porphyries,  which  welled  ud  as  great  laccoliths  in  the  Cooks 
Eange,  Fluorite  Ridge,  and  the  Tres  Hermanas  Mountains.  Water 
was  an  important  agency  of  deposition  during  the  accumulation  of 
the  agglomerate,  for  it  includes  intercalated  beds  of  water-laid  sand, 
conglomerate,  and  ash.  The  great  mass  of  the  agglomerate,  however, 
was  erupted  largely  as  mud  flows  and  showers  of  coarse  ash  and 
rock  fragments.  At  intervals  lavas  of  several  kinds  were  extruded, 
andesites  and  latites  first,  followed  by  quartz  basalt  and  rhyolite. 
The  felsitic  rhyolite  and  keratophyre  were  also  extruded,  but  their 
relations  to  the  other  sheets  are  not  known. 

After  this  epoch  there  was  extensive  tilting  and  faulting  of  the 
region,  and  probably  much  of  the  present  configuration  was  outlined. 
The  depressions,  filled  later  with  bolson  deposits,  were  excavated  and 
the  country  was  rougher  than  at  present. 

Quaternary  valley  fiUin/f. — ^In  Quaternary  time  the  wide  depres- 
sions received  a  thick  filling  of  gravel,  sand,  and  clay,  borne  mainly 
by  streams,  which  built  up  the  great  plain  or  series  of  wide  bolsons 
now  extending  from  the  Rio  Grande  to  the  Continental  Divide.  This 
material  came  from  the  mountains  and  ridges,  some  of  it  brought 
from  afar.  Much  of  it  is  fine  grained  and  its  thickness  is  great,  show- 
ing that  a  long  time  was  required  for  its  deposition.  At  intervals 
there  were  outflows  of  basalt  as  lava  sheets  on  the  surface.  Later 
erosion  has  cut  some  trenches  in  the  bolson  deposits,  and  the  canyons 
and  draws  in  the  moimtains  and  ridges  are  still  being  cut  deeper. 
The  alluvial  fans  on  the  mountain  slopes  receive  more  or  less  detritus 
from  time  to  time  and  occasional  freshets  spread  a  thin  mantle  of 
sand  or  silt  on  some  of  the  bolsons.    Wind  moves  some  of  the  loose 
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materials  from  place  to  place  and  modifies  their  surface  configura- 
tion. The  wind-blown  sand  and  changes  of  temperature  are  pow- 
erful agencies  in  the  erosion  of  the  rocks. 

mineraIj  resources. 

SCOPE  OF  OBSEBVATION& 

But  little  study  was  given  to  the  mineral  resources  of  Luna  County, 
mainly  because  previous  observers  have  presented  accounts  of  their 
general  features.  Descriptions  by  Lindgren  and  Gordon  ^  and  by  F.  A. 
Jones*  have  supplied  most  of  the  facts  in  the  following  pages. 

MBTALS. 
COOKS  PEAK  DISTRICT. 

Lead  ores  carrying  silver  occur  as  irregular  deposits  in  the  Fussel- 
man  limestone  in  the  central  and  northern  portions  of  Cooks  Range. 
A  deposit  of  silver  ore  was  also  mined  at  the  Graphic  mine  in  the 
agglomerate  on  the  slope  east  of  the  range.  At  present  the  only 
production  is  incidental  to  prospecting  in  active  progress  on  a  few 
claims,  and  the  principal  output  is  zinc  ore.  The  original  discoveries 
in  the  district  were  made  in  1876,  but  the  first  openings  of  im- 
portance were  made  by  Taylor  and  Wheeler  in  1880.  The  total  output 
to  the  present  time  has  been  estimated  at  about  $3,000,000.  Of  this 
amoimt  the  Desdemona  group  is  credited  with  $2,000,000,  the  Graphic 
group  with  $450,000,  the  Summit  group  with  $350,000,  and  the  re- 
maining mines  with  about  $200,000.* 

The  production  from  1902  to  1914  is  as  follows,  according  to  Min- 
eral Resources  of  the  United  States,  published  by  the  United  States 
Geological  Survey : 

Production  of  gold,   silver,   copper,   lead,   and  sine  in  Cooks  Peak  district, 

1902-J9U. 


Year. 


1902. 
1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 


Crude 
ore. 


Tont. 

1,778 

2,050 

1,078 

846 

1,133 

811 

253 

605 

457 

45 

927 

1,271 

1,995 


Gold. 


168 


Silver. 


Fine  oz. 
9,275 
5,748 
4,401 
6,199 
7,519 
5,354 
1,009 
4,317 
1,917 
200 
960 
1,248 
2,423 


Copper. 


Poundt. 


46 
47 


1,395 
2,181 


Lead. 


Pounds. 
663,300 

1,343,361 
676,795 
463,956 
627,344 
692,151 
127,535 
607,488 
242,137 
32,638 
142,680 
255,901 
381,324 


Zinc. 


Pounds. 


433,129 
695,697 
793,588 


Total 
value. 


$31,176 
69,997 
27,347 
24,946 
40,808 
34,918 

5,891 
27,943 
11,695 

1,575 
36,897 
61,180 
56,843 


^  Llndgrren,  Waldemar,  Gordon,  C.  H.,  and  Graton,  L.  C,  The  ore  deposits  of  New  Mex- 
ico:  U.  8.  Geol.  Survey  Prof.  Paper  68,  1910. 
*  Jones,  F.  A.,  Mines  and  minerals  of  New  Mexico,  1904. 
'Idem,  p.  181. 
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The  best^known  mines  in  the  district  are  the  Desdemona,  Graphic, 
Poe,  Othello,  and  Monte  Cristo  and  the  openings  of  the  Faywood 
Lead  Co.  on  the  west  slope  of  the  mountain.  The  mines  are  of 
yarious  kinds,  mainly  cuts  or  tunnels,  but  there  are  several  shafts 
at  Cooks  and  a  deep  shaft  at  the  old  Graphic  mine.  The  following 
statements  regarding  the  ores  and  their  occurrence  are  taken  from 
a  report  by  C.  H.  Gordon.^  The  ores  are  mainly  lead  carbonate  with 
zinc  carbonate,  galena,  sphalerite,  limonite,  and  pyrite,  and  they 
occur  in  the  silicified  upper  part  of  the  limestone  (Fiisselman)  just  be- 
low the  Percha  shale.  Some  of  the  deposits  are  under  broad  arches  in 
the  limestone.  The  ore  is  in  kidneys,  pockets,  and  pipes  of  irregular 
shape  and  varying  from  some  of  very  small  size  to  valuable  bodies. 
One  large  chamber  in  the  El  Paso  was  nearly  100  feet  long  and  35 
to  50  feet  wide  at  one  place.  It  yielded  about  $450,000  worth  of  ore. 
Offshoots  extending  irregularly  into  the  limestone  appear  to  indi- 
cate that  the  ore  is  a  replacement  of  the  limestone,  and  cross  sections 
of  some  of  these  offshoots  show  a  core  of  unaltered  galena  sur- 
rounded by  lead  carbonate  with  a  superficial  coating  of  limonite. 
More  or  less  quartz  is  associated  with  the  carbonate  ore,  and  although 
some  of  the  masses  are  entirely  lead  carbonate,  others  have  galena, 
calcite,  and  some  of  them  fluorite  in  the  center.  There  are  Spaces  or 
caves  above  some  of  the  ore  bodies  and  extending  into  them,  which 
are  usually  lined  with  calcite  or  quartz  or  more  or  less  completely 
filled  with  clay.  In  the  large  ore  chamber  in  the  El  Paso  mine  above 
referred  to  there  was  an  open  space  or  cave  of  considerable  size  above 
the  ore,  lined  with  crystals  of  calcite  and  having  stalactites  of 
gypsum.  The  ore  deposits  are  a  short  distance  north  of  the  great 
mass  of  porphyry  of  Cooks  Peak,  and  dikes  of  porphyry  and  diabase 
cut  the  limestone  and  overlying  Percha  shale  at  several  places  about 
Cooks  post  office.  Two  dikes  of  the  basic  rock  6  feet  apart,  exposed 
just  west  of  Coe's  house,  appear  to  cut  the  ore  bodies  below.  It  is 
stated  that  the  space  between  them  was  filled  with  ore  and  that  a 
body  of  zinc  sulphide  occurred  in  one  of  them.  There  is  considerable 
minor  faulting  in  the  rocks,  and  a  fault  of  great  amount  passes  up 
the  main  draw  at  Cooks. 

VICTORIO   DISTRICT. 

The  detached  hill  of  limestone  at  the  southeast  extremity  of  the 
Yictorio  Mountains  has  been  extensively  mineralized  with  lead  ore 
carrying  silver,  and  several  profitable  bodies  of  this  ore  have  been 
mined.  Part  of  this  hill  is  the  Fusselman  limestone,  of  Silurian  age, 
which  carries  ores  in  the  Cooks  Peak  and  other  districts.  No  igneous 
rocks  appear  in  the  mineralized  area  of  Yictorio,  but  a  large  sheet  of 
andesite  constitutes  the  main  mass  of  the  high  ridges  a  short  distance 

»U.  8.  G«ol.  Suirey  Prof.  Paper  68,  pp.  288-289,  1010. 
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to  the  north,  and  it  may  be  that  this  or  some  underground  igneous 
mass  has  been  a  factor  in  the  ore  deposition.  The  structure  of  the 
range  is  shown  in  figure  9  (p.  84). 

Lindgren '  has  reported  on  the  general  features  of  the  ore  deposits 
and  mining  operations  at  the  Victorio  camp.  He  found  that  the  ore 
bodies  were  irregular  deposits  of  galena  in  limestone,  in  places  20 
feet  wide,  but  abruptly  thinning  to  tight  seams  running  northeast. 
The  ore  is  partly  oiddized  and  accompanied  by  coarse  calcite  and 
siderite  or  by  quartz  as  a  gangue.  All  the  ores  contain  arsenic.  No 
igneous  rocks  appear  in  the  outcrop  or  workings  in  Mine  Hill,  but  it 
is  suggested  that  there  may  be  a  buried  mass  to  which  the  ore  owes 
its  origin.  The  ore  body  crops  out  only  at  one  point  on  the  west^ 
end  of  the  hill,  and  where  it  thins  out  it  is  represented  only  by  a 
tight  white  seam.  The  main  vein  so  far  developed  passes  through 
the  west  end  of  the  hill  on  a  north-northeast' course,  dipping  60^ 
WNW.,  but  its  course  is  irregular  and  the  ore  bodies  show  variations 
in  attitude.  This  vein  is  mostly  covered  by  the  Chance  and  Jessie 
claims,  each  of  which  has  produced  ore  valued  at  $800,000.  The  ore 
body  was  brecciated  material  carrying  oxidized  galena  in  calcite  and 
locally  in  quartz  gangue.  The  higher-grade  ores,  with  15  to  22  per 
cent  of  lead,  are  richer  in  precious  metals,  yielding  about  50  ounces 
of  silver  and  2  ounces  of  gold  to  the  ton.  The  ore  continued  for 
about  1,000  feet  along  the  vein  and  was  mainly  above  a  tunnel  that 
followed  the  vein  from  a  crosscut  in  the  northwest  slope  of  the  hill. 
Some  years  later  an  additional  ore  body  was  discovered  near  the 
main  vein  and  yielded  nearly  $100,000,  and  other  bodies  were  de- 
veloped to  some  extent  on  the  southwest  end  of  the  hill.  Similar 
ore-bearing  fissures  were  found  in  the  limestone  in  other  portions  of 
the  hill,  but  they  have  not  yet  proved  profitable. 

A  vein  of  quartz  carrying  wolframite  traverses  the  Montoya  lime- 
stone on  the  south  slope  of  the  hills  about  half  a  mile  west  of  the 
mining  camp.  The  vein  trends  S.  5°  W.  and  dips  70°  S.  85°  E.,  or 
about  at  right  angles  to  the  dip  of  the  limestone.  Its  width  ranges 
from  8  inches  to  2^  feet,  and  the  mineral  is  in  black  masses  scattered 
irregularly  through  parts  of  the  quartz.  There  are  also  small  amounts 
of  pyrite,  galena,  wulfenite,  and  probably  also  scheelite,  and  the 
quartz  is  reported  to  carry  a  little  gold.  The  production  of  wolfram- 
ite so  far  has  been  about  14  tons  of  closely  cobbed  mineral,  leaving 
very  little  of  it  remaining  in  sight.  The  principal  operations  in  the 
Victorio  camp  were  in  1880  to  1886  and  again  in  1909  and  1910, 
when  small  shipments  wei-e  made  from  the  Helen,  Last  Chance,  and 
Rambler  mines.  In  1912  and  1913  mining  was  in  active  operation 
on  a  small  scale  and  considerable  high-grade  ore  was  produced. 

» Op.  cit.,  pp.  290-292. 
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TREvS  HERMANAS  MOUNTAINS. 

For  many  years  ores  of  various  kinds  have  been  known  to  exist  in 
the  Tres  Hermanas  Mountains,  and  at  times  there  has  been  a  small 
production  which  appears  to  have  afforded  some  profit.  The  only 
lyiining  in  progress  in  1912  was  in  a  small  lead  in  the  central  part  of 
the  mountains,  where  a  little  silver-bearing  galena  was  produced  by 
two  workmen.  Zinc  ores  in  the  Tres  Hermanas  Mountains  have  been 
described  in  considerable  detail  by  Lindgren/  and  the  following  facts 
axe  taken  from  his  descriptions.  The  openings  are  a  series  of  small 
pits  in  the  north-central  margin  of  the  district  near  the  base  of  the 
hills,  about  a  mile  west  of  the  north  peak.  The  ore  was  discovered 
in  1904,  and  several  shipments  were  made  in  1905.  The  ore  is  in  lime- 
stone of  Carboniferous  age  that  lies  near  the  great  mass  of  porphyry 
and  is  penetrated  by  offshoots  from  that  mass.  This  limestone  con- 
tains bunches  of  wollastonite  in  the  area  yielding  zinc.  The  zinc  de- 
posits are  in  irregular  bodies  and  were  opened  originally  for  galena, 
which  occurred  in  small  amount  at  the  surface.  The  galena  was 
worked  to  some  extent,  but  there  was  difficulty  in  obtaining  ore  of 
sufficiently  high  grade  to  repay  the  cost  of  the  long  wagon  haul  to  the 
railroad  and  shipment  to  smelters. 

The  zinc  ore  consists  of  oxidized  zinc  minernls  and  some  galena,  in  part  inter- 
l)edded  in  tlie  limestone  and  in  part  in  sliort,  ill-defined,  nearly  perpendicular 
fissures  and  veins  cutting  across  the  beds  and  varying  in  strike  from  north- 
west to  southwest  In  places  it  alsa  forms  irregular  bunches  in  the  limestone. 
In  one  locality  on  the  south  slope  of  the  limestone  hill  the  oxidized  zinc  ores 
occur  in  kidneys  ond  bunches  between  beds  of  coarse  crystalline  limestone  and 
gurnet  rock.  A  veinlike  deposit  striking  N.  60°  K.  and  standing  nearly  vertical 
also  contains  zinc  ore  at  this  place. 

Much  ore  occui'S  in  altered  limestone  near  the  igneous  contact. 
At  the  principal  workings  part  of  the  ore  is  interbedded  with  the 
limestone  and  part  occurs  along  a  vein  with  west-northwest  strike. 
The  ore  grades  into  limestone  and  has  to  be  carefully  picked. 

Lindgren  suggests  that  systematic  prospecting  with  drills  might 
reveal  deposits  interbedded  among  the  altered  limestone  strata.  The 
ore  is  in  dark-gray  cellular  masses,  consisting  largely  of  the  very 
unusual  anhydrous  silicate  willemite.  The  willemite  forms  small 
radial  aggregates  of  slender  hexagonal  prisms  terminated  by  a  flat 
rhombohedron^and  is  accompanied  by  small  amounts  of  a  dark  mate- 
rial which  looks  like  pyrolusite  and  gives  a  dark  tint  to  the  ore. 
It  also  forms  loose  crystalline  aggregates  and  crusts  of  needle-like 
crystal*  Smithsonite,  or  zinc  carbonate,  of  light-gray  color  and 
mammillary  form  is  also, present.     Hydrozincite  occurs  as  an  in- 

*  Lindgren,  Waldemar,  The  Tres  ITermanas  mining  district.  N.  Mex. :  U.  S.  Geol.  Survey 
Bull.  .^80,  pp.  123>128,  1009 ;  The  ore  depoaiU  of  New  Mexico :  U.  S.  Oeol.  Survey  Prof. 
Paper  68,  p.  202,  1910. 
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crustation,  and  tabular  crystals  of  calamine  were  noted  in  crevices 
of  the  ore.  The  galena  seen  at  the  principal  workings  is  accompanied 
by  a  little  pyrite  and  is  intimately  intergi'own  with  woUastonite 
in  a  manner  indicating  contemporaneous  deposition.  The  ores 
shipped  from  these  mines  probably  contained  about  30  per  cent  of 
zinc.  Shipments  of  lead-zinc  ores  are  stated  to  have  contained  from 
11  to  40  per  cent  of  lead  and  2  ounces  of  silver  to  the  ton,  also  as 
much  as  19  per  cent  of  zinc  and  4  per  cent  of  lime,  4.2  per  cent  of 
iron,  and  7.4  per  cent  of  silica. 

Several  ore-bearing  veins  occur  in  the  rhyolite  on  the  west  side  of 
the  Tres  Hermanas  igneous  mass,  notably  one  which  has  been  worked 
in  the  Cincinnati,  Hancock,  Yellow  Jacket,  and  Alexander  mines. 
This  lode  has  a  west-southwest  course  and  is  traceable  for  about  a 
mile,  or  to  a  point  about  1^  miles  south  of  the  zinc  mines.  The  Cin- 
cinnati mine  is  reported  to  have  produced  $100,000  from  ore  rich 
in  lead  and  gold.  At  the  Hancock  mine  the  vein  is  said  to  be  8 
inches  wide  in  places.  There  is  a  400- foot  shaft  at  this  mine,  which 
is  largely  in  a  body  of  quartz  diorite,  cutting  or  underlying  the 
rhyolite.  This  mine  is  reported  to  have  produced  1,000  tons  of  rich 
lead  ore  carrying  some  gold.  The  only  mine  in  operation  on  this 
lode  in  1912  was  the  Alexander,  where  two  men  were  obtaining  a 
small  amount  of  galena  carrying  silver.  This  mine  is  near  the  con- 
tact of  the  rhyolite  with  a  mass  of  limestone  which  lies  along  the 
main  porphyry  contact.  A  few  small  prospects  have  been  reported 
in  the  main  mass  of  the  porphyry,  but  they  have  not  as  yet  proved 
valuable.  One  a  short  distance  south  of  the  zinc  mines  disclosed 
some  copper  ore. 

CARRIZALILLO    HILLS. 

The  igneous  rocks  of  the  Carrizalillo  Hills  have  been  prospected 
at  many  points  and  evidently  yielded  some  mineral,  but  not  in  pay- 
ing quantity.  A  vein  recently  opened  high  in  the  slopes  half  a  mile 
south-southwest  of  Hermanas  station  shows  considerable  rich  copper 
ore  containing  gold,  of  which  a  small  shipment  has  been  made. 

SIERRA  RICA. 

Considerable  mining  and  prospecting  have  been  done  in  the  north- 
ern extension  of  the  Sierra  Kica,  in  the  extreme  southwest  comer  of 
Luna  County.  The  principal  claim,  known  as  the  International 
mine,  is  situated  a  short  distance  from  the  boundary  line,  at  a  point 
about  half  a  mile  west  of  boundary  post  38.  The  following  facts 
regarding  this  mine  are  taken  from  notes  by  J.  M.  Hill.*    Operations 

» IT.  S.  Geol.  Survey  Prof.  I'aper  CS,  pp.  346-347,  1910. 


MINERAL   RESOTTRCES.  107 

were  begun  by  Volney  Rector  in  1880,  and  it  is  reported  that  50  tons 
of  lead-silver  ore  was  produced,  which  was  valued  at  $25  a  ton.  The 
best  material  obtained,  a  10-ton  shipment,  contained  40  per  cent  of 
lead  and  65  ounces  of  silver  to  the  ton.  In  1909  there  was  about  80 
tons  of  galena  ore  of  medium  grade  on  the  dump,  and  as  much  more 
in  one  of  the  stopes.  The  ore  occurs  in  a  vein  of  banded  quartz  from 
2  to  10  feet  wide,  averaging  about  3  feet,  occupying  a  fault  that 
trends  N.  30°  E.  and  stands  nearly  vertical.  It  traverses  limestone 
dipping  30°-40°  NW.  On  the  south  side  is  massive  red  limestone ; 
on  the  north  or  hanging-wall  side  there  are  thin  gray  to  buff  beds, 
separated  from  the  vein  by  coarser  red  grit,  with  grains  showing 
silica  enlargement.  The  vein  is  traceable  for  nearly  a  mile,  its  south 
end  being  in  Mexico,  and  it  has  been  prospected  by  numerous  pits. 
The  ore  from  stopes  near  the  Mexico  line  consists  of  malachite,  azu- 
rite,  some  cerusite,  and  a  few  nodules  of  chalcopyrite  and  galena,  in  a 
limonitic  quartz  gangue.  Some  of  this  ore  is  reported  to  assay  10  per 
cent  of  copper  and  60  ounces  of  silver  to  the  ton.  About  500  feet 
farther  north  a  150- foot  shaft  found  good  galena  ore  in  the  upper 
levels,  but  at  a  lower  depth  the  vein  was  barren  quartz.  In  a  50- foot 
shaft  250  feet  still  farther  north  there  is  a  drift  extending  southwest 
60  feet  along  the  vein.  It  found  in  the  hanging  wall  limonitic  quartz, 
with  a  little  galena  and  considerable  silver,  probably  as  chloride  and 
in  cerusite,  and  in  the  footwall  2  or  3  feet  of  massive  galena  ore, 
reported  to  carry  about  $35  a  ton  in  lead  and  silver. 

FLORIDA  MOUNTAINS. 

Many  claims  have  been  located  in  the  Florida  Mountains,  but  only 
a  few  of  them  have  shown  sufficient  mineral  to  be  of  any  importance. 
The  principal  ores  observed  have  been  silver-bearing  galena  and  zinc 
ores  in  the  limestone.  Several  small  mines  have  been  developed,  and 
from  time  to  time  have  produced  sufficient  ore  for  shipment ;  but  of 
late  only  two  mines  are  in  operation.  One  known  as  the  Silver 
Cave  is  on  the  limestone  high  on  the  southeast  slope  of  Gym  Peak. 
It  is  reported  to  have  yielded  $60,000  worth  of  ore  in  1905.  The 
workings  consist  of  a  drift  and  several  small  stopes.  The  ore  is 
silver-bearing  galena  and  occurs  as  a  replacement  of  the  limestone. 
Just  west  of  Gym  Peak,  at  the  Mahoney  mine,  are  a  number  of  pits 
and  drifts  in  the  limestone,  following  a  series  of  small  irregular 
masses  of  oxidized  zinc  ore.  Similar  ore  has  also  been  mined  in  small 
amount  from  the  limestone  on  the  west  slope  of  Capitol  Dome.  Sev- 
eral small  letfds  of  copper  ore  have  been  worked  in  the  granite  in 
claims  along  the  west  slope  of  the  mountains,  and  small  shipments  of 
ore  were  made  from  two  localities.  The  ore  consists  of  chalcopyrite 
and  other  copper  sulphides  impregnating  the  granite  along  joints  and 
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zones  in  which  the  rock  is  considerably  shattered.  The  bodies,  so  far 
as  known,  ai'o  small  and  iri-egular.  A  short  distance  south  of  Capitol 
Dome  ^  there  is  a  vein  trending  N.  62°  E.  and  dipping  80**  SE.  Two 
tumuels,  one  280  feet  long  and  a  lower  one  420  feet  long,  have  been 
driven.  A  100- foot  shaft  40  feet,  above  the  upper  tunnel  connects 
with  the  lower  tunnel  by.  a  raise.  These  workings  have  long  been 
abandoned. 

FLUOBITE. 

The  following  statements  are  condensed  from  a  detailed  account 
of  the  fluorite  deposits :  ^ 

From  the  southeast  end  of  Fluorite  Bidge  there  was  mined  in  1909 
to  1911  about  9,000  tons  of  fluorite.  This  mineral  consists  of  cal- 
cium fluorite,  with  a  small  amount  of  impurities,  and  is  in  consider- 
able demand  in  the  manufacture  of  open-hearth  steel  and  for  several 
other  purposes.  The  fluorite  of  Fluorite  Ridge  occurs  in  steeply 
dipping  veins,  mostly  in  the  porphyry^  and  ordinarily  it  is  of  excep- 
tionally good  quality.  The  veins  range  from  a  few  inches  to  12  feet 
or  more  in  thickness,  but  the  general  range  in  the  workings  is  from 
2  to  5  feet.  They  extend  along  planes  of  fracture  of  the  rock,  some 
of  which  are  slightly  faulted.  One  set  of  veins  strikes  N.  17°«-27°  E. 
and  another  set  N.  6°  E.  to  N.  18°  W.,  but  others  strike  at  various 
angles  between  N.  17°  E.  and  N.  18°  W.  There  are  three  principal 
areas — one  at  Fluorite  Camp,  a  second  a  quarter  of  a  mile  or  more 
to  the  northeast,  and  the  third  about  a  mile  northwest  of  the  camp. 
In  1912  a  mine  was  opened  still  farther  west. 

The  opening  at  the  camp  is  in  porphyry  near  the  fault  plane 
which  passes  along  the  east  side  of  the  limestone  ridge  and  separates 
the  Ordovician  limestones  from  an  extension  of  the  main  porphyry 
mass.  In  the  largest  pits  the  vein  has  been  worked  to  a  depth  of  80 
feet  and  for  a  distance  of  about  100  feet  along  its  north-northeast 
course.  This  vein  dips  6&°-70°  SE.  and  ranges  in  thickness  from 
4  to  12  feet.  Other  veins  have  been  opened  to  some  extent  at  several 
points  in  the  immediate  vicinity. 

At  the  openings  northeast  of  the  camp  the  fluorite  vein  appears 
to  be  along  a  fault  plane  with  agglomerate  on  the  east  side  and  chert 
on  the  west  side.  The  deepest  workings  reach  a  depth  of  76  feet  and 
the  vein  ranges  in  thickness  from  1  to  8  feet.  Its  course  is  S.  10°  W., 
and  it  stands  nearly  vertical.  There  are  several  minor  twists  in  it 
and  indications  of  some  faulting,  notably  in  the  occurrence  of  sliok- 
ensided  surfaces. 

1  U.  S.  Gcol.  Survey  Prof.  Paper  68,  pp.  289-290,  1910. 

«  Darton.  N.    H.,  and  Burchnrd,   E.   P.,   Fluorspar  near  Deming.   N.  Mex. :  U.   8.   Geol. 
Survey  Bull.  470,  pp.  539-545.  1911. 
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Two  veins  of  fluorite  have  been  opened  but  not  worked  in  the 
locality  a  mile  northwest  of  the  camp.  They  are  in  the  porphyry  not 
far  below  the  overlying  sandstone  and  stand  nearly  vertical.  One 
vein  ranges  from  1  foot  to  4  feet  in  thickness  and  the  other  averages 
about  1  foot,  but  the  mineral  is  not  all  pure. 

Some  analyses  of  carload  lots  of  fluorite  from  Fluorite  Ridge  made 
by  the  Colorado  Fuel  &  Iron  Co.  showed  a  variation  from  88.3  to 
nearly  94  per  cent  of  CaFj,  with  an  average  of  92  per  cent.  The 
principal  impurity,  silica,  ranged  from  3.84  to  9.85  per  cent,  iron 
oxide  and  alumina  from  0.68  to  1.12  per  cent,  and  calcium  carbonate 
from  0.48  to  1.12  per  cent,  the  latter  quantity  being  in  the  fluorite 
which  contained  94  per  cent  CaF,.  Compared  with  fluorite  from 
Colorado,  Kentucky,  Illinois,  and  other  places  the  Fluorite  Eidge 
mineral  averaged  much  higher  in  grade,  notwithstanding  the  fact 
that  it  had  not  been  washed. 

MARBLE. 

Some  of  the  gray  limestones  of  this  region  are  suitable  for 
use  as  marble,  and  true  crystalline  limestone  has  been  found  at  a 
number  of  localities.  The  most  notable  occurrence  of  such  limestone 
is  on  the  south  side  of  the  southern  one  of  the  high  peaks  at  the 
north  end  of  the  Tres  Hermanas  Mountains.  There  is  a  body  of  con- 
siderable size  at  this  place,  lying  against  the  porphyry  and  evidently 
a  wedge  of  Gym  limestone  altered  by  the  heat  of  the  igneous  intru- 
sion. Much  of  the  rock  is  of  a  pure  white  color  and  a  coarsely 
crystalline  texture  and  is  well  suited  for  decorative  purposes.  It  is 
considerably  fissured  so  far  as  exposed.  Similar  marble  occurs  along 
the  igneous  contact  at  the  zinc  mines  on  the  northwest  slope  of  the 
same  range,  but  it  is  not  very  attractive  in  appearance  and  is  very 
irregular  in  character  and  structure. 

In  the  Victorio  Mountains,  a  short  distance  northwest  of  the 
mining  camp,  is  a  body  of  fine-grained  pure  white  marble,  but  it 
appears  not  to  be  large.  Doubtless  it  has  been  altered  by  igneous 
intrusions,  but  none  of  the  igneous  rock  appears  at  the  surface  at  this 
point,  although  there  are  large  dikes  a  short  distance  to  the  west. 

Marble  deposits  are  of  no  economic  value  unless  they  are  so  situated 
that  the  rock  may  be  quarried  and  transported  economically,  and 
they  should  be  large,  free  from  serious  shattering,  and  yield  a 
product  of  attractive  appearance.  Uniformity  of  texture  and  tint 
are  requisite  features. 

ONYX. 

Deposits  of  onyx  occupy  fissures  in  the  agglomerate  at  a  number 
of  places,  and  some  small  masses  have  been  uncovered,  one  of  them 
in  the  southwest  slope  of  the  agglomerate  ridge  3  miles  northwest  of 
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Mirage.  The  color  is  nearly  white  and  the  texture  somewhat  un- 
even, and  the  bodies  appear  not  to  be  sufficiently  large  to  be  of 
economic  importance.  There  are  onyx  claims  on  the  slopes  4  miles 
west  of  Columbus  which  have  yielded  some  very  good  samples,  but 
the  extent  of  the  deposits  was  not  ascertained. 

BUILDING  STONE. 

Many  of  the  rocks  in  the  ridges  about  Deming  are  suitable  for 
building  stones,  and  some  of  them  would  be  of  considerable  value 
for  that  purpose  if  they  were  nearer  to  market.  The  granite  and 
some  of  the  other  igneous  rocks  would  dress  and  polish  satisfactorily, 
and  there  are  sandstones  of  several  varieties.  Some  of  the  limestone 
could  be  used  for  gray  marble.  The  only  developments  are  two 
quarries,  one  in  the  Sarten  sandstone  on  the  main  road  a  mile  south 
of  Fryingpan  Spring  and  the  other  in  the  tuflf  of  the  Florida  Moim- 
tains  2  miles  northeast  of  Arco  del  Diablo.  The  sandstone  is  nearly 
white  in  color  and  is  easily  worked  in  blocks  of  good  dimensions. 
The  quarry  was  opened  to  supply  material  for  the  new  county  court- 
house at  Deming.  The  quarry  in  tuff  is  a  small  one,  but  has  exposed 
a  large  quantity  of  excellent  gray  freestone  in  massive  beds.  The 
color  is  bright,  and  although  there  is  some  slight  mottling  by  darker- 
gray  fragments  the  general  effect  is  good. 

LIMESTONE. 

Limestone  suitable  for  burning  into  lime  or  for  the  manufacture  of 
Portland  cement  is  abundant  in  the  limestone  areas  of  the  Florida 
Mountains,  Fluorite  Ridge,  and  the  Snake  Hills.  Considerable  por- 
tions of  the  El  Paso,  Gym,  and  Lake  Valley  limestones  and  some 
of  the  Montoya  limestone  that  does  not  contain  chert  are  sufficiently 
pure  for  these  purposes,  but  there  is  at  present  no  disposition  to 
utilize  them. 

BRICK  CLAT. 

Portions  of  the  bolson  deposits  are  loamy  mixtures  of  clay  and 
fine  sand  suitable  for  making  common  brick,  and  a  small  number  of 
brick  have  been  made.  The  principal  use  of  the  material,  however, 
has  been  for  the  larger  unbumed  brick  known  as  adobe,  which  have 
been  extensively  u§ed  for  building  in  Deming  and  at  ranches  in  the 
surrounding  country. 

BOAD  METAL. 

Rocks  of  various  kinds  which  could  be  crushed  for  road  metal  are 
available  in  endless  supply  in  the  ridges,  but  so  far  they  have  not 
been  utilized.    The  caliche,  a  mixture  of  sand  and  calcium  that  lies 

'  ort  distance  below  the  surface  in  many  places,  has  been  employed 
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for  surfacing  the  main  road  north  of  Deming,  and  the  excellent  re- 
sults obtaincKl  should  be  an  encouragement  to  extend  the  treatment 
over  other  road& 

GUANO. 

Considerable  bat  guano  was  found  in  the  large  pit  in  the  marble 
on  the  east  slope  of  the  south  peak  of  the  Tres  Hermanas  Mountains. 
A  trail  was  built  up  the  steep  slope  and  an  incline  placed  in  the  pit 
for  the  removal  of  this  material,  and  several  tons  of  it  was  taken 
out  for  use  as  fertilizer. 

GABNET. 

The  yellowish  garnet  occurring  along  the  contact  of  marble  and 

porphyry  at  the  pit  }ust  described  is  sufficiently  hard  to  use  as  an 

abrasive.    This  material  is  extensively  mined  at  some  places  in  the 

United  States,  and  when  of  satisfactory  quality  its  average  value  is 

$30  a  ton. 

WATER  RESOURCES. 

STBEAMS. 

The  streams  in  Luna  County  flow  only  during  times  of  freshet, 
and  these  are  of  short  duration.  Often  in-  the  spring  or  early  in  the 
summer  Mimbres  River  has  a  flood  of  such  volume  that  the  water  is 
10  to  15  feet  deep  and  overflows  the  lower  lands  adjoining  its  channel. 
This  condition,  may  last  a  few  days  and  recur  two  or  three  times 
in  a  season.  In  some  years  the  maximum  stage  of  the  river  is  a  very 
small  flow,  not  reaching  far  beyond  Deming,  but  occasionally  it 
extends  into  the  wide  valley  east  of  the  Florida  Mountains  as  far 
as  T.  25  S.,  where  it  widens  into  a  shallow  lake.  From  December, 
1904,  to  May.  1905,  and  again  in  January  to  April,  1906,  the 
Mimbres  flowed  nearly  to  the  Mexico  boundary  for  the  only  time  in 
18  years.  In  Recent  geologic  time,  however,  it  flowed  through  this 
valley  and  out  into  the  Palomas  Lakes  and  other  basins  in  Mexico. 
At  no  distant  time,  also,  it  flowed  through  the  wide  bolson  west  of 
the  Florida  Mountains  and  found  an  outlet  through  the  low  pass 
between  tliat  range  and  the  Tres  Hermanas  Mountains. 

In  April,  1908,  a  gaging  station  was  established  on  Mimbres 
River  just  below  the  Rio  Mimbres  dam  site,  in  sec.  7,  T.  20  S.,  R. 
10  W.,  about  6  miles  southeast  of  Faywood  Springs  and  about  10 
miles  northeast  of  Faywood  station,  on  the  Silver  City  branch  of  the 
Santa  Fe  Railway.  Gage-height  records  and  discharge  measure- 
ments have  been  obtained  since  1908.  The  channel  at  the  station  is 
very  shifting  in  character,  and  numerous  measurements  are  neces- 
sary to  obtain  the  best  results.  For  this  reason  the  results  recorded 
and  the  estimates  of  flow  for  periods  between  measurements  and  at 
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high  stages  are  only  approximate.    The  following  table  shows  the 
monthly  run-off  in  acre- feet: 

Monthly  runoff,  in  acre-feet^  of  Mimhres  River  east  of  Faywood,  N,  Mex, 


Honth. 


January.... 

Febrovy.. 
March...... 

Aprfl. 

MSy  mm  a  .  •  •  . 

Juno ■ 

July 

August 

September. 

October 

November. 
December.. 


1908 


713 
677 
7,750 
7,620 
3,750 
3,090 
1,420 
1,860 


26,800 


1909 


1,060 

648 
187 
136 
74 
864 
701 
212 
275 
411 
139 


4,640 


1910 


314 

245 

144 

131 

HI 

147 

dTA 

1,650 

155 

0 

10 

0 


8,270 


1912 


653 

482 

2,190 

2,640 

2,150 

707 

655 

615 


9,990 


1913 


793 
142 
468 

3,400 
247 
202 
193 
648 
352 
133 
464 

1,270 


8,210 


1914 


1,190 
334 
243 
236 
228 
655 


6,300 
1,600 
8,800 
1.300 
12,300 


KoTE.'^Oving  to  the  shifting  character  of  the  stream  bed  and  the  few  discharge  measurements,  no  esti« 
mates  of  flow  can  be  made  for  1911.   Oage  oat  of  order  ICay  11-16, 24-30,  July  21-26,  and  Aug.  12-15, 1914. 

The  maximum  daily  flow,  from  1908  to  1913,  was  in  August,  1908, 
when  two  days  are  estimated  at  910  and  1,000  second-feet,  respec- 
tively. Probably  this  was  exceeded  in  the  great  flood  of  July  18 
to  24, 1914,  but  unfortimately  the  volume  of  this  was  not  determined 
owing  to  a  mishap  to  the  gage.  There  was  also  a  notable  flood  from 
December  22  to  25, 1914,  with  flows  of  1,420, 1,270, 970,  and  680  second- 
feet.  Other  notable  flows  were  61  second- feet  for  14  days  in  October, 
1908,  93  second-feet  July  13,  1909,  108  second-feet  August  14  and 
15,  1909 ;  196  second-feet  August  10,  1910.^  The  mean  yearly  flows 
for  1909, 1910,  and  1913  are  6.4,  4.5,  and  8.6  second-feet,  respectively. 
The  ordinary  flow  is  between  1  and  8  second-feet,  but  this  small 
amount  is  .due  to  the  fact  that  much  of  the  water  is  drawn  off  for 
irrigation  above  the  gaging  station.  Accordingly,  most  of  the  fig- 
ures given  above  represent  flood  conditions  and  the  total  amount  of 
normal  flow  is  not  indicated. 

After  rainy  periods  the  water  of  the  Mimbres  frequently  flows 
down  the  valley  as  far  as  Taylor  Mountain,  in  T.  20  S.,  or  to  and 
beyond  Spalding.  Its  main  branch,  the  San  Vicente  Arroyo,  is  also 
subject  to  frequent  floods  in  which  the  water  flows  as  far  as  its 
mouth.  Streams  flowing  out  of  Cooks  Range  are  occasionally  filled 
with  water  by  a  succession  of  heavy  storms,  but  their  flow  is  short- 
lived and  rarely  reaches  the  Mimbres.  The  same  is  true  of  Palomas 
Arroyo,  which  has  a  large  drainage  basin  in  the  bolson,  but  ordi- 
narily the  flood  watei*s  even  of  cloud-bursts  mostly  sink  in  the  porous 
bolson  soil. 


^Territorial   Engineer   Second   Bien«   Bept.   to   Governor  of   New   Mexico,   1905-1910, 
Santa  Fe,  1911. 
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SPBINOS. 

There  are  few  springs  with  large  discharge  in  Luna  County,  and 
even  seeps  are  not  common  in  the  rocks  of  the  ridges.  The  largest 
spring  is  on  the  Butterfield  road  just  west  of  Fort  Cunmiings.  It 
was  cleared  out  by  the  Government  when  the  fort  was  established 
and  made  into  a  curbed  well  15  feet  in  diameter  protected  by  a 
roofed  house,  shown  in  Plate  V,  ^1  (p.  13).  Now  the  water  is  piped 
to  Florida  station  for  use  by  the  railway  company.  This  spring  is 
largely  due  to  a  rock  dam  of  rhyolite  which  crosses  the  small  arroyo. 
Its  underground  source  is  not  known,  and  it  may  either  come  out  of 
sedimentary  deposits  covered  by  basalt  or  rise  from  the  agglomerate 
which  doubtless  lies  not  far  below. 

A  notable  spring  rises  in  the  arroyo  a  mile  below  Cooks  post  office, 
and  the  water  from  it  usually  flows  for  a  short  distance.  Its  source 
is  in  the  Sarten  sandstone.  Another  spring  rises  from  the  sandstone 
in  this  same  hollow  at  the  fault  a  mile  farther  southeast.  Several 
springs  and  seeps  occur  in  canyons  in  the  Cooks  Peak  area,  but  theii* 
volume  is  small. 

A  well-known  stock-watering  place  called  Cow  Spring  is  in  the 
northern  part  of  T.  22  S.,  R.  13  W.  It  yields  a  large  amount  of 
water,  and  the  supply  is  stated  not  to  vary  greatly  in  volume.  The 
spring  appears  to  be  caused  by  a  rock  dam  raising  the  underflow 
in  the  valley,  which  has  a  small  drainage  basin  to  the  northwest. 
The  rock  does  not  reach  the  surface  at  the  spring,  but  rises  in  ridges 
to  the  south  and  northwest. 

Carrizalillo  Spring  rises  from  the  bottom  of  a  small  valley  a  short 
distance  west  of  Hermanas  and  is  caused  by  a  rock  dam  which 
crops  out  near  by.  The  spring  is  a  large  one  and  its  water  has  been 
utilized  for  stock  for  many  years.  Part  of  it  is  now  piped  to 
Hermanas  for  use  by  the  railroad.  Since  it  has  been  pumped  the 
water  level  has  been  lowered  so  that  it  is  now  3  feet  below  the  surface. 
An  analysis  of  the  water  is  given  on  page  125. 

Niggerhead  Spring  is  a  seep  flowing  out  of  the  joints  of  igneous 
rocks  in  the  Tres  Hermanas  Mountains.  It  was  a  favorite  camping 
place  for  the  Apache  Indians  and  later  for  the  soldiers  who  came  to 
drive  these  Indians  out  of  the  country. 

Willow  Spring  is  a  water  hole  in  the  agglomerate  on  the  southeast 
side  of  the  Tres  Hermanas  Mountains.  Now  it  is  used  as  a  well  for 
windmill  pumping  by  a  Mexican  who  has  a  ranch  there. 

In  the  slopes  of  the  Florida  Mountains  there  are  several  small 
seeps  and  springs  which  are  used  as  watering  places  for  goats  and 
cattle.    Byer  Spring,  3  miles  southeast  of  Arco  del  Diablo,  is  the  best 
known  of  these,  but  its  volume  is  very  small. 
97880**— BuU.  618—16 8 
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Fryingpan  Spring  rises  along  the  great  fault  2|  miles  west  by 
south  of  Fort  Cummings.  It  has  a  small  flow  which  runs  down  the 
draw  a  few  rods  and  supplies  cattle  in  the  adjoining  range. 

Puma  Spring  is  a  small  one  rising  from  the  agglomerate  a  mile 
northwest  of  the  Wilson  ranch  northeast  of  Fluorite  Camp.  It  is  dug 
out  as  a  well  and  is  not  in  use  at  present. 

inn>EB0BOTnn>  watbb. 

GENERAL  CONDmONS. 

The  thick  body  of  sand  and  gravel  underlying  the  wide  bolsons  of 
Luna  County  contains  a  very  large  volume  of  water,  most  of  which 
is  within  25  to  150  feet  of  the  surface.  The  local  conditions  as  to 
depth  and  volume  of  water  vary  from  place  to  place,  but  there  are 
extensive  districts  in  which  the  depth  probably  is  not  too  great  for 
profitable  pumping  and  the  volume  is  ample  for  the  irrigation  of 
large  areas.  Numerous  wells  have  been  sunk  which  indicate  the 
water  resources  in  many  places,  but  in  some  sections  little  information 
is  available.  One  of  the  principal  objects  of  the  investigation  here 
reported  was  to  collect  all  the  available  facts  that  would  throw  light 
on  the  limits  of  the  water-bearing  areas  and  on  the  thickness,  depth, 
and  water-bearing  capacity  of  the  different  strata.  It  is  a  popular 
belief  that  the  water  is  a  wide  extension  of  the  underflow  from 
Mimbres  Biver,  but,  while  the  stream  had  originally  much  to  do  with 
the  deposition  of  the  water-bearing  materials,  it  does  not  furnish 
much  of  the  water.  There  are  wide  areas  in  some  of  the  bolsons  in 
which  water  is  not  available  or  lies  too  deep  to  be  of  service  for  irri- 
gation, and  these  are  in  some  measure  delimited  on  the  map  (PI.  I,  in 
pocket).  A  district  containing  shallow  underground  waters  in  good 
volume  lies  about  Deming  and.  in  the  wide  bolson  extending  south- 
ward from  that  place  on  the  west  side  of  the  Florida  Mountains.  In 
the  great  valley  on  the  east  side  of  these  mountains  the  conditions 
are  unfavorable,  for  south  of  T.  24  S.  there  is  barely  sufficient  water 
for  stock.  '  Another  district  in  which  underground  waters  are  avail- 
able lies  along  the  valley  of  Palomas  Arroyo  from  lola  to  and  below 
Columbus.  In  the  following  pages  there  is  given  a  list  of  wells  and 
descriptions  of  the  local  conditions.  In  Plate  VIII  are  shown  the 
form  and  elevation  of  the  water  surface,  based  on  heights  of  water 
in  representative  wells  tied  to  the  best  available  data  as  to  land  eleva- 
tions. The  contour  lines  show  the  elevations  of  the  water  surface 
above  sea  level.  Plate  IX  (p.  116)  shows  some  of  the  underground 
water  conditions  about  Deming  and  is  based  on  well  records  and 
other  data  supplied  by  Mr.  B.  H.  Case,  of  Deming. 
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Fryingpan  Spring  rises  along  the  great  fault  2|  miles  west  by 
south  of  Fort  Cummings.  It  has  a  small  flow  which  runs  down  the 
draw  a  few  rods  and  supplies  cattle  in  the  adjoining  range. 

Puma  Spring  is  a  small  one  rising  from  the  agglomerate  a  mile 
northwest  of  the  Wilson  ranch  northeast  of  Fluorite  Camp.  It  is  dug 
out  as  a  well  and  is  not  in  use  at  present. 

TTKDEBGBOIOn)  WATEB. 
QENEBAL  CONDmONS. 

The  thick  body  of  sand  and  gravel  underlying  the  wide  bolsons  of 
Luna  County  contains  a  very  large  volume  of  water,  most  of  which 
is  within  25  to  150  feet  of  the  surface.  The  local  conditions  as  to 
depth  and  volume  of  water  vary  from  place  to  place,  but  there  are 
extensive  districts  in  which  the  depth  probably  is  not  too  great  for 
profitable  pumping  and  the  volume  is  ample  for  the  irrigation  of 
large  areas.  Numerous  wells  have  been  sunk  which  indicate  the 
water  resources  in  many  places,  but  in  some  sections  little  information 
is  available.  One  of  the  principal  objects  of  the  investigation  here 
reported  was  to  collect  all  the  available  facts  that  would  throw  light 
on  the  limits  of  the  water-bearing  areas  and  on  the  thickness,  depth, 
and  water-bearing  capacity  of  the  different  strata.  It  is  a  popular 
belief  that  the  water  is  a  wide  extension  of  the  underflow  from 
Mimbres  Kiver,  but,  while  the  stream  had  originally  much  to  do  with 
the  deposition  of  the  water-bearing  materials,  it  does  not  furnish 
much  of  the  water.  There  are  wide  areas  in  some  of  the  bolsons  in 
which  water  is  not  available  or  lies  too  deep  to  be  of  service  for  irri- 
gation, and  these  are  in  some  measure  delimited  on  the  map  (PL  I,  in 
pocket).  A  district  containing  shallow  underground  waters  in  good 
volume  lies  about  Deming  and.  in  the  wide  bolson  extending  south- 
ward from  that  place  on  the  west  side  of  the  Florida  Mountains.  In 
the  great  valley  on  the  east  side  of  these  mountains  the  conditions 
are  unfavorable,  for  south  of  T.  24  S.  there  is  barely  sufficient  water 
for  stock.  Another  district  in  which  underground  waters  are  avail- 
able lies  along  the  valley  of  Palomas  Arroyo  from  lola  to  and  below 
Columbus.  In  the  following  pages  there  is  given  a  list  of  wells  and 
descriptions  of  the  local  conditions.  In  Plate  VIII  are  shown  the 
form  and  elevation  of  the  water  surface,  based  on  heights  of  water 
in  representative  wells  tied  to  the  best  available  data  as  to  land  eleva- 
tions. The  contour  lines  show  the  elevations  of  the  water  surface 
above  sea  level.  Plate  IX  (p.  116)  shows  some  of  the  underground 
water  conditions  about  Deming  and  is  based  on  well  records  and 
other  data  supplied  by  Mr.  B.  H.  Case,  of  Deming. 
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EXTENT   OF   THE    WATER-BEARING    STRATA. 

By  far  the  largest  volume  of  water  in  Luna  County  underlies  the 
broad  bolson  extending  southward  from  Deming  to  the  foot  of  the 
Tres  Hermanas  Mountains  and  thence  southeastward  through  the 
gap  between  that  range  and  the  Florida  Mountains  to  the  Palomas 
Lakes.  Most  of  the  wells  in  T.  24  S.,  Es.  8  and  9  W.;  T.  25  S.,  R.  9 
W. ;  and  T,  26  S.,  Bs.  9  and  10  W.,  and  the  valley  of  Palomas  Arroyo  i 

found  a  large  supply  of  water  at  depths  of  50  to  200  feet  that  rises 
within  20  to  60  feet  of  the  surface.  The  limits  of  the  district  in 
which  this  favorable  condition  exists  are  of  great  practical  im- 
portance to  settlers,  for  outside  of  the  area  underlain  by  an  adequate 
water  supply  the  land  is  of  but  little  value  for  agriculture.  Unfor- 
tunately, without  records  from  many  wells,  the  underground  con- 
ditions in  the  bolson  deposits  are  difficult  to  trace  and  the  limits  of 
the  water-bearing  strata  can  not  be  located  with  precision.  The 
Florida  Moimtains  and  other  ridges  delimit  the  area  in  places,  but 
the  form  of  the  bedrock  floor  under  the  bolson  deposits  is  not  indi- 
cated. Doubtless  also  there  are  many  small  ridges  of  rock  under- 
ground similar  to  those  appearing  in  the  Snake  Hills  and  Midway 
Buttes  as  well  as  many  other  projections  which  are  not  sufficiently 
high  to  rise  above  the  bolson  but  which  approach  so  near  to  the  sur- 
face as  to  cut  off  the  imderflow.  On  the  map  (PL  I,  in  pocket)  the 
underground-water  conditions  are  set  forth  so  far  as  information 
concerning  them  is  available.  Undoubtedly  a  large  part  of  the  area 
shown  on  this  map  with  the  symbol  for  "  water  conditions  not  de- 
termined "  is  barren  of  serviceable  underground  supplies,  and  most 
parts  of  the  areas  in  which  water  is  more  than  60  feet  below  the  sur- 
face do  not  contain  water  in  large  volume.  The  broad  basin  south 
of  the  Cedar  Grove  Mountains  contains  but  little  water,  and  the 
great  sink  of  the  Mimbres  east  of  the  Florida  Mountains  appears  to 
have  but  a  scanty  water  supply.  In  the  district  lying  between  Cooks 
Bange  and  the  Goodsight  Mountains  the  conditions  appear  to  be 
more  favorable,  but  they  have  not  been  adequately  tested.  Probably 
there  the  water  surface  is  considerably  deeper  than  in  the  Deming 
region. 

SOURCE  OF  THE  UNDERGROUND  WATER. 

Much  of  the  water  contained  in  sand  and  gravel  under  the  great 
bolsons  of  Luna  County  is  derived  from  local  rainfall.  This  amounts 
to  about  10  inches  a  year  (see  p.  16),  and  though  most  of  the  water 
evaporates  a  considerable  proportion  passes  underground.  Mimbres 
River  brings  a  certain  amount  of  water  into  the  region,  and  the  flow 
which  it  gathers  from  the  mountains  on  the  north  has  been  passing 
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underground  for  a  very  long  time  and  gradually  adding  to  the 
bulk  of  water  in  the  coarser  beds  underlying  the  wide  bolsons  about 
Deming  and  farther  south. 

There  is  no  run-off  in  the  bolson  except  after  cloud-bursts,  when 
small  amounts  of  water  may  flow  to  the  lower  ground,  where  it 
either  evaporates  or  sinks.  On  the  mountain  slopes  there  is  consider- 
able run-off  which  flows  out  upon  the  bolsons.  Owing  to  lack  of 
knowledge  as  to  the  proportion  of  rainfall  which  passes  under- 
ground in  the  region,  it  is  not  possible  to  give  figures  as  to  the  rate 
at  which  the  underground  water  accumulates  in  the  bolson  deposits. 
The  loss  by  evaporation  is  very  great,  especially  in  some  deeper  por- 
tions of  the  bolsons,  where  there  are  at  times  accumulations  of  rim- 
off  water,  and  in  areas  where  thick  deposits  of  relatively  impervious 
clay  hold  the  water  at  the  surface.  Capillary  action  in  soils  and  sub- 
soils, which  is  especially  strong  in  arid  regions,  adds  greatly  to  the 
depletion  of  the  water  absorbed  by  the  soil  from  rainfall,  for  this 
agency  returns  much  of  it  to  the  surface,  where  it  is  lost  by  evapora- 
tion. The  extent  of  this  action  is  well  illustrated  in  this  region  by 
the  great  accumulation  of  caliche,  which  is  calcium  carbonate  that 
was  brought  up  by  capillary  movement  of  the  underground  water. 

The  only  notable  sources  of  underground-water  supply  entering  the 
county  are  the  underflows  of  Mimbres  River  and  Arroyo  San  Vicente. 
It  has  been  estimated  by  engineers  of  the  Mimbres  Dam  Co.  that 
Mimbres  River  above  the  dam  site  in  sec.  6,  T.  20  S.,  R.  10  W.,  has 
a  catchment  area  of  about  600  square  miles.  One  quarter  of  this  is 
in  mountains,  where  the  total  annual  precipitation  is  about  20  inches, 
one-half  is  a  high  area  having  a  precipitation  of  about  15  inches,  and 
the  remainder  is  made  up  of  foothills  in  which  the  precipitation  is 
about  12  inches.  In  all,  this  gives  an  annual  rainfall  of  nearly 
500,000  acre- feet  of  water,  but  evidently  there  is  great  loss  by  evapo- 
ration and  other  causes,  for  the  surface  flow  gaged  since  1908  at  the 
dam  site  shows  only  about  3,270  to  30,000  acre-feet  a  year  with  an 
average  near  10,000  feet,  and  the  additional  imderflow  at  that  place  is 
estimated  at  2,000  acre-feet  a  year.  As  this  water  is  not  held  by  a  dam 
at  present,  considerable  of  it  passes  down  in  floods,  and  when  the 
stream  overflows  on  the  low  lands  adjoining  the  channel  a  fairly  large 
proportion  is  lost  by  evaporation.  When  it  is  held  by  the  dam  it  will 
not  be  free  to  pass  underground  until  it  has  done  duty  in  irrigation, 
which  will  greatly  increase  the  loss  by  evaporation  and  correspond- 
ingly diminish  the  volume  of  underflow.  Assuming  that  all  the  12,000 
acre-feet  of  water  passes  imderground  and  extends  under  the  14 
townships  contiguous  to  the  line  of  its  southward  flow  to  Palomas 
Lakes  along  a  course  west  of  the  Florida  Mountains  would  give  an 
annual  increment  of  less  than  half  an  inch  a  vear  under  that  area. 
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THICKNESS  OF  WATER-BEARING  BEDS. 

The  deposits  that  underlie  the  bolsons  of  Luna  County  vary  greatly 
in  their  capacity  to  hold  water,  not  only  from  bed  to  bed  but  in  the 
same  bed  from  place  to  place.  There  are  many  deposits  of  sand,  and 
some  of  the  well  records  show  that  these  attain  a  thickness  of  40 
to  50  feet.  In  most  places,  however,  the  thickness  is  much  less,  and 
many  of  the  borings  show  more  or  less  admixture  of  clay.  The  thick- 
ness and  relations  of  the  principal  water-bearing  beds  of  the  Deming 
region  are  shown  in  Plate  IX. 

Some  representative  sections  are  given  in  the  following  paragraphs 
to  show  the  thickness  of  the  water-bearing  beds  in  various  parts  of 
Luna  County. 

In  T.  23  S.,  R.  7  W.,  the  water-bearing  sands  show  much  variation 
in  thickness.  A  195-foot  well  in  the  SW.  i  sec.  21  has  sands  at  74-87, 
89-117,  and  177-195  feet,  or  59  feet  in  all.  A  147-foot  well  in  the 
NW.  i  sec.  19  has  sands  at  70-78,  102-108,  and  130-147  feet,  or  31 
feet  in  all.  Wells  from  90  to  100  feet  deep  in  the  southeastern  part 
of  the  township  have  from  8  to  23  feet  of  sand.  A  101-foot  well  in 
the  SW.  i  sec.  30  has  sands  at  22-24,  29-35,  and  64r-101  feet,  or  45 
feet  in  all,  but  a  90- foot  well  in  the  NW.  i  of  this  section  had  only  23 
feet,  the  lower  sand  member  containing  beds  of  fine-grained  ma- 
terial. A  290-foot  boring  in  the  NW.  i  sec.  12  penetrated  several  sand 
beds,  apparently  more  than  50  feet  in  all. 

In  the  southern  half  of  T.  23  S.,  R.  8  W.,  the  sand  deposits  are 
thick  and  carry  a  large  volume  of  water.  A  200-foot  well  in  the 
SW.  i  sec.  18  has  sands  at  51-59, 110-141,  and  197-200  feet,  or  42  feet 
in  all,  and  a  72- foot  well  in  the  SW.  J  sec.  19  has  31  feet.  A  115-foot 
well  in  the  NW.  i  sec.  23  has  sands  at  45-50,  56-60,  66-80,  and  88-92 
feet,  or  27  feet  in  all,  and  a  group  of  wells  from  92  to  103  feet  deep 
in  sees.  25,  26,  and  27  find  from  37  to  44  feet  of  sand.  A  143-foot 
well  in  the  NE.  i  sec.  28  has  sands  at  34-60,  66-83,  112-118,  and 
136-143  feet,  or  57  feet  in  all,  and  a  156- foot  well  in  the  SW.  i  sec. 
32  has  the  same  amount  in  beds  at  29-45,  80-104,  and  140-156  feet. 
That  the  sands  thin  somewhat  to  the  south  is  shown  by  the  record  of 
a  105-foot  well  in  the  SW.  i  sec.  12,  which  has  sands  at  65-72,  80-81, 
83-85,  88-92,  and  98-105  feet-only  21  feet  in  all. 

In  the  township  in  which  Deming  is  situated  (T.  23  S.,  R.  9  W.) 
records  are  available  for  11  wells  more  than  100  feet  deep,  mostly  in 
the  southern  tiers  of  sections.  A  143-foot  well  in  the  SW.  i  sec.  25 
has  sands  at  44r-62,  66-78,  85-100,  and  122-134  feet,  or  58  feet  in  all, 
but  another  well  of  similar  depth  in  the  same  quarter  section  has 
only  36  feet,  the  second  and  fourth  strata  not  being  represented. 
A  164-foot  well  in  the  SE.  J  sec.  26  has  sands  at  40-58,  74-80,  86-90, 
and  145-160  feet,  or  43  feet  in  all,  and  a  142-foot  well  in  the  center 


118  LUNA  COUNTY,  NEW   MEXICO. 

• 

of  this  section  has  a  similar  amount.  A  160- foot  boring  in  the  NW.  J, 
however,  has  sands  at  40-50,  7a-80,  88-90,  and  145-160  feet,  or  only 
34  feet  in  all.  A  160- foot  well  in  the  SE.  l  sec.  27  has  sands  at  47-55, 
84-105,  125-129,  140-145,  and  150-158  feet,  or  41  feet  in  all.  A 
'150-foot  boring  in  the  NE.  J  sec.  29  has  sands  at  61-68,  75-90, 
102-108,  115-125,  and  148-154  feet,  or  42  feet  in  all.  A  203-foot 
boring  in  the  NW.  i  sec.  30  has  sands  at  65-83, 109-112,  and  190-200 
feet,  or  31  feet  in  all,  and  a  120-foot  well  a  mile  farther  south  has 
sands  at  65-96  and  105-114  feet,  or  40  feet  in  all.  A  215-foot  well 
3  miles  northeast  of  Deming  has  seven  thin  beds  of  sand  at  inter- 
vals, or  19  feet  in  all,  and  some  of  the  sand  is  very  fine  grained. 

In  the  northwestern  part  of  T.  24  S.,  R.  8  W.,  there  are  several 
150- foot  wells  which  penetrated  more  than  50  feet  of  water-bearing 
sands.  One  in  the  NW.  J  sec.  7  reports  water-bearing  sand  from  46 
to  100  feet ;  one  in  the  NW.  i  sec.  6  has  sands  at  50-70,  85-110,  and 
122-147  feet,  or  70  feet  in  all;  and  a  114- foot  well  in  the  northwest 
comer  of  sec.  5  has  sands  at  54-65  and  104-114  feet,  or  only  21  feet 
in  all.  In  the  northwest  comer  of  sec.  21  a  510-foot  boring  has 
sands  at  32-38,  60-65,  265-270,  319-325,  and  502-508  feet,  only  28 
feet  in  all,  and  a  deep  well  in  the  SE.  J  sec.  20  has  only  35  feet.  A 
161-foot  test  boring  in  the  NW.  J  sec.  30  has  sands  at  45-50  feet  and 
at  intervals  from  67  to  96  feet,  with  clay  below,  aggregating  only 
about  20  feet  of  sand. 

In  T.  24  S.,  R.  9  W.,  the  next  township  west,  there  are  many  records 
showing  considerable  diversity  in  the  strata.  An  80- foot  well  in  sec.  4 
and  a  133-foot  well  in  the  SE.  ^  sec.  8  have  28  feet  of  sand  each. 
Two  wells,  115  and  123  feet  deep,  in  the  southern  part  of  sec.  12  have 
24  and  26  feet  of  sand  in  beds  mostly  from  6  to  9  feet  thick.  A  128- 
foot  well  in  the  NE.  J  sec.  13  has  sands  at  58-68,  78-86, 105-114,  and 
118-125  feet,  or  34  feet  in  all,  and  a  115-foot  well  in  the  SW.  i  of 
this  section  has  35  feet  in  two  beds.  A  150-foot  well  in  the  NW.  J 
sec.  13  has  only  14  feet  of  sand  in  its  second,  third,  and  fourth  strata. 
A  145-foot  well  in  the  NW.  i  sec.  14  has  sands  at  48-53,  65-72,  102- 
112,  125-129,  and  133-138  feet,  or  31  feet  in  all.  A  100-foot  well  in 
the  SW.  J  sec.  15  has  10  feet  of  sand,  mostly  at  the  bottom.  A  177- 
foot  well  in  the  NW.  J  sec.  21  has  sands  at  63-70,  83-88,  and  165-177 
feet,  or  24  feet  in  all,  and  another  well  in  the  SW.  J  of  this  section 
has  sands  at  56-68,  124-134,  and  152-158,  or  28  feet  in  all,  respec- 
tively. Two  wells  in  sec.  23,  79  and  83  feet  deep,  have  27  and  29  feet 
of  sand.  A  110-foot  well  in  the  SE.  J  sec.  24  has  five  sands  4  to 
5  feet  thick,  or  22  feet  in  all ;  and  beds  of  similar  character  and  the 
same  aggregate  thickness  are  found  in  a  145-foot  well  in  the  NE.  J 
sec.  25.  In  the  NW.  i  sec.  28  a  203-foot  well  penetrated  sands  at 
53-75, 130-132, 168-162,  and  180-182  feet,  or  30  feet  in  all. 
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In  T.  24  S.,  R.  10  W.,  the  sands  are  of  irregular  extent  and  thick- 
ness, owing  in  part  to  their  interruption  by  Red  Mountain  and  the 
Snake  Hills,  but  in  the  eastern  part  of  the  township  conditions  are 
the  same  as  in  adjoining  townships  on  that  side.  A  135-foot  well  in 
the  NE.  i  sec.  12  has  sands  at  64-90,  103-106,  115-118,  and  127-130 
feet,  or  85  feet  in  all,  but  a  208-foot  well  in  the  SE.  i  sec.  13  found 
the  top  sand  much  thinner  and  a  7-foot  bed  of  sand  at  the  bottom,  or 
only  17  feet  in  all,  though  these  beds  contain  a  large  supply  of  water. 

In  T.  24  S.,  R.  11  W.,  the  next  township  west,  the  sands  are  thin- 
ner, a  105- foot  well  in  the  NW.  l  sec.  21  having  only  10  feet  of  sand 
in  the  bottom  and  a  300- foot  hole  in  sec.  34  finding  sand  only  at  78  to 
80  feet,  which  yielded  but  little  water. 

Several  wells  recently  sunk  in  the  northwestern  part  of  T.  24  S., 
R.  7  W.,  show  an  extension  of  a  thick  but  variable  succession  of  sands 
under  that  area.  Detailed  sections  are  given  on  another  page,  but  a 
few  general  features  will  be  mentioned  here.  A  140-foot  well  in  the 
NW.  J  sec.  1  has  70  feet  of  sand,  not  all  water-bearing.  A  130- foot 
well  in  the  NE.  ^  sec.  11  has  35  feet,  and  one  of  about  the  same  depth 
in  the  NW.  i  sec.  11  has  56  feet  of  sands.  In  sees.  12  and  13  there 
are  from  30  to  48  feet  of  sand  in  wells  122  to  128  feet  deep.  In  a 
well  in  sec.  26  there  are  six  sand  deposits  in  144  feet,  aggregating 
about  46  feet. 

Wells  in  T.  25  S.,  R.  9  W.,  show  the  wide  extension  of  several 
thick  beds  of  sand  containing  much  water.  The  550-foot  boring  in 
the  SW.  i  sec.  6  had  sands  at  50-90,  110-143,  and  183-210  feet,  or 
160  feet  in  all,  but  a  150-foot  well  a  mile  to  the  southwest  apparently 
found  the  principal  water-bearing  sand  at  62-78  feet  A  150-foot 
well  in  the  SW.  i  sec.  10  had  sands  at  50-75,  102-112,  and  135-145 
feet,  or  45  feet  in  all.  A  148-foot  well  in  the  NE.  J  sec.  148  had  the 
first  water  sand  at  52-69  feet  and  sand  at  intervals  from  103  to  142 
feet,  probably  about  35  feet  of  sand  in  all.  A  110- foot  well  2  miles 
farther  east,  in  the  NE.  ^  sec.  22,  found  29  feet  of  sand  but  did  not 
reach  the  fourth  stratum.  A  152-foot  well  in  the  NE.  ^  sec.  29  had 
sands  at  55-73,  97-112,  and  135-152  feet,  or  50  feet  in  all.  A  well  in 
the  NW.  i  sec.  35  reported  only  two  sands,  at  45-55  and  75-82  feet, 
or  17  feet  in  all,  but  possibly  the  supply  is  derived  from  another 
sand  at  the  bottom.  A  well  only  85  feet  deep  in  the  NW.  J  sec.  18  of 
the  next  township  east  had  23  feet  of  sand,  a  21-foot  bed  in  the  bot- 
tom containing  much  water.  It  is  reported  that  100  feet  of  sand  was 
found  in  the  bottom  of  a  275-foot  well  in  the  SW.  i  sec.  18,  T.  25  S., 
R.  10  W.  A  191-foot  well  in  the  SW.  i  sec.  18,  T.  25  S.,  R.  11  W., 
found  sand  only  at  60-65  and  182-191  feet,  or  only  14  feet  in  all. 

In  most  parts  of  T.  26  S.,  R.  9  W.,  the  water-bearing  sands  are 
thick  and  contain  a  large  volume  of  water.  An  80-foot  well  in  the 
NW.  i  sec.  8  has  40  feet  of  sand,  but  two  wells  116  and  150  feet  deep 
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in  the  southern  part  of  this  section  have  only  15  and  18  feet  of  sand, 
respectively.  In  the  NW.  i  sec.  18  sands  were  penetrated  at  45-75, 
110-120,  and  145-155  feet,  or  50  feet  in  all,  and  an  80-foot  well  in  the 
southeastern  part  of  the  township  showed  five  beds  of  sand  at  inter- 
vals from  30  to  80  feet,  aggregating  25  feet. 

In  the  Waterloo  region  and  the  vicinity  of  Palomas  Arroyo,  in  T. 
27  S.,  Rs.  9  and  10  W.,  the  main  water-bearing  sand  is  near  the  sur- 
face and  most  of  the  wells  penetrate  it  only  from  20  to  30  feet  to  ob- 
tain all  the  water  desired.  A  test  hole  in  the  SW.  J  sec.  1,  T.  27  S., 
R.  9  W.,  found  sand  and  gravel  at  27-46  feet,  with  clay  below  to  the 
bottom  of  the  hole  at  a  depth  of  105  feet. 

In  the  Columbus  region  the  sand  deposits  are  varied  in  thickness 
and  position,  and  in  some  districts  the  material  is  quicksand,  which 
does  not  yield  a  satisfactory  supply.  In  the  SW.  J  sec.  24,  T.  28  S., 
R.  8  W.,  a  200-foot  well  penetrated  41  feet  of  sand,  but  it  was  mostly 
quicksand.  Several  wells  about  Columbus  and  farther  south  pene- 
trated thick  bodies  of  sand  containing  a  large  volume  of  water,  but 
these  deposits  are  irregular  in  size  and  of  slight  extent.  In  a  221- 
foot  well  in  the  northwest  corner  of  sec.  11,  2  miles  south  of  Colum- 
bus, gravel  extends  from  110  to  130  feet  and  sand  from  165  to  221 
feet,  76  feet  in  all,  and  this  body  of  coarse  material  appears  to  ex- 
tend southeastward  to  the  international  boundary. 

VOLUME    or    UNDERGROUND    WATER. 

It  has  been  shown  in  preceding  statements  that  the  water-bearing 
deposits  vary  greatly  in  thickness,  texture,  and  continuity  from 
place  to  place,  and  that  it  is  therefore  diflScult  to  determine  ac- 
curately the  amount  of  water  stored  in  these  deposits,  and  also  that 
only  an  approximate  figure  can  be  offered  as  to  the  annual  incre- 
ment. It  would  appear  that  in  most  parts  of  the  Deming  region  and 
the  country  to  the  south  40  feet  is  near  the  average  for  the  aggregate 
thickness  of  the  water-bearing  beds  in  the  first  150  or  200  feet  below 
the  surface.  On  the  assmnption  that  this  40  feet  of  sand  contains  20 
per  cent  of  its  volume  in  water,  which  is  a  fair  average,  the  amount 
of  water  in  a  given  area  would  be  near  8  cubic  feet  to  the  square 
foot,  equivalent  to  60  gallons,  or  approximately  2,608,000  gallons  to 
the  acre,  or  8  acre-feet.  This  is  much  more  than  the  amount  ob- 
tainable, because  it  is  impossible  to  pump*  out  all  the  water,  the  pro- 
portion available  depending  on  the  texture  of  the  sand  and  some 
other  minor  factors. 

The  area  under  which  there  are  40  feet  of  water-bearing  beds  con- 
taining a  fair  volume  of  water  is  about  500  square  miles,  and  with 
this  volume  at  8  cubic  feet  to  the  square  foot,  or  8  acre- feet  for  every 
acre,  the  underground  water  supply  is  2,560,000  acre-feet.    There  is. 
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besides  this  area  of  500  square  miles,  a  region  of  large  extent  con- 
taining a  smaller  volume  of  water,  some  of  which  can  be  utilized  for 
irrigation. 

It  is  impossible  to  make  an  accurate  estimate  of  the  time  required 
for  the  accumulation  of  this  amount  of  water  or  for  the  replenish- 
ment of  the  supply  if  it  were  pumped  out.  Probably  the  few  inches 
of  increment  from  rainfall  and  the  Mimbres  underflow  of  12,000 
acre-feet,  as  above  estimated,  passing  into  the  14  townships  which 
are  in  the  line  of  its  travel  southward,  would  amount  to  an  annual 
increment  of  less  than  half  an  inch  for  that  area.  At  this  rate  many 
years  would  be  required  to  fill  the  voids  in  the  40  feet  of  water- 
bearing beds. 

GRADIENT  AND  RATE  OF  UNDERFLOW. 

Gradient. — ^The  word  underflow  implies  a  movement  of  the  water 
down  a  grade  of  greater  or  less  amount.  The  gradient  and  the 
porosity  of  the  materials  through  which  the  water  flows  are  the  prin- 
cipal factors  bearing  on  the  rate  of  flow.  The  gradient  in  Luna 
County  is  represented  on  Plate  VIII  (p.  114),  based  on  numerous 
accurate  determinations  of  elevations  of  the  water  surface  and  many 
approximate  data.  In  order  to  determine  the  altitudes  south  of 
Deming  a  special  level  line  was  run  over  the  old  grade  road  to  the 
international  boundary. 

At  Spalding  the  underground  water  is  30  feet  below  the  surface, 
or  4,698  feet  above  sea  level.  At  Deming  it  is  50  feet  below  the 
surface,  or  4,290  feet  above  the  sea,  and  at  Columbus  it  is  30  feet 
below  the  surface,  or  about  4,033  feet  above  the  sea.  As  the  distance 
from  Spalding  to  Deming  is  17  miles,  the  down  grade  between  the 
two  places  is  therefore  about  24^  feet  to  the  mile.  As  the  distance 
from  Deming  to  Columbus  is  31^  miles,  the  slope  in  that  distance 
is  8.3  feet  to  the  mile.  At  lola  the  water  surface  is  46  feet  below 
the  surface,  or  4,154  feet  above  sea  level,  a  grade  of  slightly  more 
than  7^  feet  to  the  mile  from  Deming.  At  Gage  the  water  level  is 
26  feet  lower  than  at  Deming,  probably  because  the  upper  beds  are 
too  fine  to  admit  any  notable  volume  of  water.  This  causes  the  long 
lo<^  in  the  4,300-foot  line  of  grade  shown  in  Plate  VIII.  There 
are  some  other  deflections  of  the  lines,  due  to  special  local  causes, 
notably  in  the  area  of  increased  depth  just  south  of  lola  and  in  the 
area  east  of  Columbus,  where  the  lines  apparently  have  a  close  rela- 
tion to  the  topography.  The  strong  deflection  of  the  4,100-foot  line 
up  the  main  Mimbres  Valley  east  of  the  Florida  Mountains  defines 
the  water  plane  in  that  bolson,  where  the  water  lies  somewhat  lower 
than  on  the  west  side.  However,  as  the  sediments  on  the  east  side 
are  too  fine  to  hold  a  large  volume  of  water,  the  position  of  the 
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water  plane  is  of  little  economic  importance/  There  is  a  general 
rise  of  the  water  plane  toward  the  high  ridges,  especially  the  Florida 
Mountains,  where  the  alluvial  fan  holds  a  small  underflow  that  moves 
down  the  slope. 

Movement. — ^The  rate  of  movement  of  the  underground  water  in 
this  region  has  not  been  tested  at  any  point  and  can  only  be  inferred 
in  a  general  way  from  measurements  i^  other  regions.  It  diminishes 
somewhat  with  increase  in  depth,  for  in  a  region  of  low  gradient 
increase  in  depth  is  accompanied  by  a  proportionate  decrease  in 
grade.  To  judge  from  the  water-bearing  materials  excavated  at  a 
number  of  wells,  it  is  evident  that  the  degree  of  porosity  varies 
greatly.  The  rate  of  movement  has  been  found  to  be  as  much  as  100 
feet  a  day  in  coarse  materials,  with  the  volume  of  water  as  high  as 
35  per  cent,  but  in  the  average  sand  the  rate  is  much  less.  Slichter 
and  Wolffs  found  that  the  underflow  of  Platte  River  at  Ogalalla, 
Nebr.,  had  an  average  rate  of  6.4  feet  in  24  hours,  or  a  mile  in  825 
days.  At  a  depth  of  16  to  22  feet  the  velocity  averaged  12.8  feet  a 
day,  and  at  55  and  85  feet  it  was  2.55  feet.  The  slope  of  the  valley  is 
about  8.3  feet  to  the  mile.  Slichter  found  that  the  underflow  of 
Arkansas  River  at  Garden  City,  Kans.,  averaged  8  feet  a  day,  or  a 
mile  in  660  days,  with  a  grade  of  7^  feet  to  the  mile.  Much  of  the 
water  of  this  underflow  is  derived  from  the  side  slopes,  part  of  which 
are  made  up  of  loose  sand,  that  imbibes  60  per  cent  of  the  rainfall. 

In  the  Mesilla  Valley,  N.  Mex.,  the  underflow  of  the  Rio  Grande, 
having  a  grade  of  4.6  feet  to  the  mile,  was  found  to  have  very  slow 
movement,*  and  at  the  canyon  of  the  Rio  Grande,  just  above  El  Paso, 
Tex.,  the  movement  of  the  underflow,  10  to  20  feet  below  the  bed  of 
the  river,  was  less  than  3  feet  a  day.^ 

DEPLETION  OF  WATER  SUPPLY. 

Nearly  200  pumping  outfits  are  installed  or  under  erection  in  the 
Deming-Columbus  region,  and  the  average  output  will  be  near  700 
gallons  a  minute  for  about  400  hours  a  year.  If  the  number  of  pumps 
were  placed  at  500,  which,  however,  is  probably  far  in  excess  of  the 
financial  means  of  settlers  now  on  the  ground,  the  total  yearly  pump- 
ing of  water  for  irrigation  would  be  8,400,000,000  gallons,  or  nearly 
20,000  acre-feet.  This  would  be  equal  to  water  2  feet  deep  on  20 
square  miles,  and  with  the  duty  of  water  at  2  acre-feet  a  season,  20 
square  miles  to  500  ranches  is  equivalent  to  an  average  of  only  25.6 

1  Slichter,  C.  S.,  and  Wolff,  IT.  C,  The  underflow  of  the  South  Platte  Valley :  tJ.  S.  Oeol. 
Survey  Water-Supply  Paper  184,  pp.  9-10,  1906. 

s  Slichter,  C.  S.,  Observations  on  the  ground  waters  of  Rio  Grande  valley :  U.  B.  Geol. 
Survey  Water-Supply  Paper  141,  pp.  9-13.  1906. 
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acres  under  ditch  to  each  ranch.  As  500  quarter-section  homesteads 
occupy  125  square  miles,  the  26,000  acre-feet  would  be  drawn  from 
that  area,  where  it  would  represent  about  one-third  acre-foot  of 
water,  or  less  than  4  per  cent  of  the  8  acre- feet  available  as  estimated 
on  page  120. 

The  estimated  annual  increment  of  3  inches  by  rainfall  and  under- 
flow would  be  sufficient  to  provide  for  the  irrigation  of  only  about 
one-eighth  of  the  area  in  which  the  underground  storage  conditions 
are  favorable,  on  the  basis  of  the  duty  of  water  as  2  acre- feet  an  acre 
(2  feet  deep  over  the  area  irrigated  each  season). 

Of  course  20  square  miles  under  cultivation,  as  above  estimated, 
is  a  very  small  proportion  of  the  125  square  miles,  or  area  of  500 
homesteads,  under  consideration,  nearly  all  of  which  could  be  irri- 
gated by  plants  with  an  average  of  700  gallons  a  minute.  Even- 
tually, no  doubt,  the  proportion  of  land  utilized  in  each  homestead 
will  increase,  as  it  must  for  profitable  operation,  and  then  the  draft 
on  the  underground  supply  will  increase  proportionately.  If  half 
of  the  area  of  the  500  homesteads  were  irrigated,  the  draft  on  the 
underground  supply  would  be  about  12  per  cent  instead  of  4  per  cent, 
and  this  would  cause  tf  serious  diminution  in  the  total  amount  avail- 
able in  some  areas. 

An  important  condition  affecting  the  amount  of  the  water  that 
can  be  pumped  from  a  particular  area  is  the  rate  of  lateral  flow  of 
the  underground  water.  The  movement  is  started  when  the  pump 
begins  to  lower  the  water  in  the  well,  and  the  local  depletion  is  more 
or  less  completely  replaced  by  influx  from  a  constantly  widening 
area.  In  places  where  several  heavy  pumping  plants  are  in  close 
proximity,  all'  drawing  water  at  the  same  time,  there  wuU  be  a  limit 
to  the  amount  of  water  immediately  available,  and  doubtless  a  scar- 
city of  water  would  result  at  most  localities.  At  many  places  the 
principal  supply  comes  from  a  deeply  buried  stratum  that  is  not 
very  thick,  and  vigorous  pumping  drains  out  much  of  the  water 
near  the  pump.  A  most  important  factor  in  underground  flow  is  the 
relatively  slow  adjustment  of  water  level  compared  with  that  of  sur- 
face water,  for  the  rate  of  movement  in  fairly  coarse  sand  averages 
about  1  mile  a  year,  or  less  than  15  feet  in  24  hours.  If,  for  exami)le, 
there  are  four  pumps  of  1,000  gallons'  output  in  the  centers  of  four 
adjacent  quarter  sections,  draining  from  a  5-foot  bed  of  sand  capa- 
ble of  yielding  20  per  cent  of  its  volume  in  water,  or  1  foot  deep 
for  the  total  area,  at  the  end  of  20  hours'  pumping  the  amount 
taken  out  by  each  pump  would  be  3.08  acre-feet — that  is,  all  the 
water  under  3.68  acres,  or  within  a  radius  of  about  200  feet.  This 
is  one-thirteenth  of  the  distance  to  the  next  pump,  and  ordinarily 
water  would  require  several  days  to  flow  this  distance,  the  time 
depending  on  the  head  of  the  water  and  the  porosity  of  the  sand. 
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QUALITY  or  THE  WATER. 

In  general,  the  water  from  the  wells  of  Luna  County  is  moderate 
in  mineral  content  and  suitable  for  most  uses.  At  a  few  localities 
the  water,  especially  that  near  the  surface,  contains  too  much  alkali, 
but  this  condition  is  unusual.  Water  from  wells  that  are  properly 
sunk  and  protected  at  the  surface  is  free  from  contamination.  The 
water  pumped  for  irrigation  in  the  broad  area  about  Deming  and 
to  the  south  is  nearly  all  low  in  mineral  content  and  far  above  the 
average  of  waters  of  the  West.  However,  all  well  and  surface  waters 
contain  some  mineral  matter  in  solution;  and  if  large  volumes  of 
these  waters  are  allowed  to  evaporate  on  the  land,  this  matter  will 
gradually  accumulate  as  ^'  alkali  "  in  or  on  the  soil  and  poison  it  for 
plant  growth. 

Nine  analyses  of  ground  waters  in  this  region  are  given  in  the 
accompanying  table  (p.  125).  Most  of  them  have  been  obtained 
through  the  courtesy  of  the  chief  engineer  of  the  Southern  Pacific 
Co.  and  Mr.  H.  J.  Simmons,  general  manager  of  the  El  Paso  & 
Southwestern  System.  They  have  been  computed  at  the  United 
States  Geological  Survey  from  conventional  combinations  in  grains 
per  gallon  into  ionic  form  in  parts  per  million. 

The  water  from  the  85-foot  well  of  the  Southern  Pacific  Co.  at 
Deming  (analysis  No.  1)  is  entirely  acceptable  for  domestic  use  and 
for  irrigation  and  is  fair  for  boilers,  being  noncorrosive,  low  in  foam- 
ing constituents,  and  capable  of  causing  the  formation  of  only  a 
moderate  amount  of  scale. 

The  water  from  the  well  at  Gage  (analysis  No.  2)  is  acceptable  for 
irrigation  or  for  domestic  use.  As  it  is  noncorrosive  and  low  in 
foaming  constituents  and  scale-forming  ingredients,  it  may  be  con- 
sidered fair  for  boiler  use. 

The  water  from  the  well  at  Cambray  (analysis  No.  3),  though 
acceptable  for  domestic  use,  is  rather  poor  for  boiler  use,  because  its 
high  content  of  alkalies  makes  it  likely  to  foam.  It  could  be  used  for 
irrigation  if  care  were  taken  to  prevent  accumulation  of  alkali. 

The  first  stratum  of  the  well  at  the  Birchfield  home  ranch,  in  the 
Mimbres  Valley  east  of  the  Florida  Mountains  (analysis  No.  4), 
yields  a  sodium  sulphate  water  of  very  high  mineral  content.  A  con- 
siderably less  saline  water  was  recently  obtained  at  somewhat  greater 
depth,  but  no  analysis  of  it  is  available.  The  other  two  Birchfield 
wells  yield  waters  considerably  lower  in  mineral  content  (analyses 
Nos.  5  and  6). 

Though  the  water  from  the  railroad  well  at  Columbus  (analysis 
No.  7)  is  regarded  as  suitable  for  locomotives,  the  analysis  indi- 
cates that  it  would  be  poor  for  that  purpose  because  of  its  high  con- 
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tent  of  foaming  constituents.  It  would  probably  be  acceptable 
for  domestic  use,  but  its  high  content  of  alkali  renders  it  poor  for 
irrigation. 

The  water  from  Carrizalillo  Spring  (analysis  No.  8)  is  conveyed 
by  pipe  to  Hermanas  and  is  used  by  the  El  Paso  &  Southwestern 
System  at  that  place.  The  analysis  indicates  that  the  water  is  accept- 
able for  irrigation  and  domestic  use.  It  is  low  in  foaming  ingredients 
and  noncorrosive,  and  as  it  would  probably  form  only  a  moderate 
amoimt  of  scale  in  boilers  it  may  be  classed  as  fair  for  boiler  use. 

The  503-foot  boring  at  Arena  (analysis  No.  9)  yields  water  too 
heavily  charged  with  saline  ingredients  to  be  usable.  It  is  unfit  for 
boiler  use  because  of  its  high  content  of  foaming  ingredients  and 
it  is  too  strong  in  alkali  to  be  acceptable  in  irrigation.  The  same 
condition  renders  it  unsuitable  for  domestic  supply,  though  possibly 
it  is  drinkable. 

Analyses  of  underground  waters  in  Luna  County,  N,  Mcx. 

[Parts  per  mlUioa.] 


8ak»(810i) 

Oxides  of  iron  and  aluminum 

(FetOi+AljO,) 

Calcium  (Ca) 

Maenesfaim  (Mg) 

Sodium  (Na) 

Potassium  (K) 

Carbonate  rad  Icle  (COi>s 

Sidphate  radicle  (BO4) 

Nitrate  radicle  (N0|) 

Chlorine  (CI) 

Organic  and  volatQe  matter. . 

Suspended  matter 

Total  solids 

Total  solids  In  grains  per 

United  States  pllon 
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26 

1.0 
38 
8.2 

27 

91 
21 


13 


224 
13.1 


30 

2.0 
48 
7.ri 

21 

83 
27 


22 


240 
14.0 


3 


76 

2.0 
29 
11 

127 

114 
102 


67 
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30.8 


84 
8.0 


30 
r  858 
iTraoe. 

275 
1,176 

74 
445 

61 

34 
3,011 

175.0 


360 

32 

160 

150 


284 


1,090 


59.0 


6 


300 

26 

252 

144 


53 


840 


4.9 


} 


42 

4.8 
8.8 
3.1 

232 

184 
155 


52 


682 
39.9 


8 


58 

2.6 
36 
17 

37 

112 
24 


20 


306 
18.0 


9 


45 

9.9 
28 
14 

757 

104 
903 


435 
178 


2,564 


a  Carbonate  and  bicarbonate  radicles  not  differentiated. 

1.  S5-foot  well  of  the  Southern  Pacific  Co.,  Demin^;.    Sample  collected  Apr.  4, 1807,  and  analyzed  by 
the  company. 

2.  340-foot  well  of  the  Southern  Pacific  Co.,  Qage.    Sample  collected  Mar.  5, 1897,  and  analyzed  by  the 
company. 

3.  269-fbot  well  of  the  Southern  Pacific  Co.,  Cambray.    Sample  collected  Feb.  23, 1897,  and  analyzed  by 
the  company. 

4.  First  stratum  In  well  of  W.  P.  Birchfield,  sec.  2,  T.  25  S.,  11.  7  W.    In  Mimbres  Valley  east  of  the 
Florida  Mountains.    Analysis  by  Dearborn  Chemical  Co. 

5.  Weil  of  W.  P.  Birchfleid ,  4  miles  south  of  the  home  ranch  in  the  bolson  east  of  the  Florida  Mountains. 
Analysis  by  W.  B.  Ilicka,  H.  8.  Geological  Survey. 

6.  Well  of  W.  P.  Blrchfield ,  10  miles  southeast  of  the  home  ranch  in  the  bolson  east  of  the  Florida  Moun- 
tains.   Analysis  by  W.  B.  Illcks,  U.  S.  Geological  Survey. 

7.  Well  of  the  El  Paso  A  Southwestern  System,  Columbus.    Analyied  by  the  company. 

8.  Carrizidfilo  Spring.    Analyzefl  by  El  Paso  &  Southwestern  System. 

9.  Boring  503  feet  deep  at  Arena.    Analysis  by  El  Paso  &  Southwestern  System. 

WELLS. 


There  are  about  280  wells  of  various  kinds  in  Luna  County,  most 
of  them  sunk  within  the  last  six  years,  and  considerable  well  drilling 
is  still  in  pT  ogress.    Most  of  the  wells  are  south  and  east  of  Deming, 
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the  largest  number  of  them  being  in  Tps.  24  and  25  S.,  R.  9  W.,  T.  24 
S.,  R.  8  W.,  and  the  southern  part  of  T.  23  S.,  Rs.  8  and  9  W.  There 
are  also  groups  of  them  near  Hondale,  Ida,  Waterloo,  and  Columbus. 
The  distribution,  depth,  and  depth  to  the  water  surface  in  wells  are 
shown  on  the  map  (PI.  I,  in  pocket)  and  in  the  tables  on  the  fol- 
lowing pages.  It  has  been  found  somewhat  difficult  to  obtain  com- 
plete data  for  all  the  wells,  and  for  several  of  them  the  Sgures  given 
by  the  driller  and  the  well  owner  are  not  the  same.  The  yields  of 
the  wells  as  given  in  the  tables  are  the  owners'  or  drillers'  estimates 
and  were  not  verified.  The  depth  to  the  water  surface  was  measured 
in  some  wells,  but  as  a  rule  the  figures  were  supplied  by  the  owner 
or  driller.  Many  important  facts  as  to  depth,  water  level,  yield,  and 
sections  of  material  penetrated  were  supplied  by  Mr.  R.  H.  Case,  of 
Deming.  In  presenting  the  data  for  wells  those  in  the  vicinity  of 
Deming  will  be  given  first. 

T.  n  B.,  K.  ■  V. 

T.  23  S.,  R.  8  W.,  is  next  east  of  the  township  in  which  Deming  is 
situated,  its  western  margin  lying  2  miles  east  of  that  city.  Luxor,  a 
siding  on  the  Southern  Pacific  Railroad,  is  near  the  center  of  the 
township.  Twenty  wells  have  been  reported  in  this  area,  mostly  in 
the  southern  half.  The  principal  facts  regarding  them  are  given  in 
the  following  table: 
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The  wide  arroyo  of  the  Mimbres  extends  across  the  southern  part 
of  the  township  and  in  its  vicinity  the  water  rises  within  13  to  28 
feet  of  the  surface.  The  wells  about  Luxor  find  water  at  three  prin- 
cipal horizons.  In  the  143-foot  well  on  the  Case  ranch,  in  the  east- 
central  part  of  sec.  28,  southeast  of  Luxor,  the  bore  is  26  inches 
to  86  feet  and  16  inches  to  the  bottom.  The  casing  is  fitted  with  a 
strainer  with  40  per  cent  perforations  to  take  water  from  the  47 
feet  of  sands  which  extend  at  intervals  from  a  depth  of  34  feet  to 
the  bottom  of  the  well.  The  first  water,  at  30  feet,  is  shut  out.  The 
Paxton  well,  in  the  east-central  part  of  sec.  27,  a  mile  farther  south- 
east and  within  half  a  mile  of  tlie  river  bank,  penetrated  37  feet  of 
water-bearing  beds  and  obtained  a  large  volume  of  water  at  87  to 
96  feet.  Clay  extends  from  96  to  103  feet.  The  well  is  a  24-inch  pit 
40  feet  deep,  with  a  bore  hole  in  the  bottom  18  inches  in  diameter 
for  25  feet  and  12  inches  for  the  remainder.  In  the  group  of  wells 
in  the  southeast  comer  of  the  township  there  are  several  wells  78 
to  95  feet  deep  in  which  water  rises  within  15  to  20  feet  of  the  sur- 
face and  which  have  reported  yields  of  400  to  800  gallons  a  minute. 
In  the  Kussell  well,  in  sec  25,  40  feet  of  water-bearing  sands  were 
penetrated.  It  is  stated  that  in  this  well  the  water  level  sinks  to  47 
feet  when  the  well  is  yielding  700  gallons  a  minute. 

The  Burdick  well,  in  the  southwestern  part  of  sec.  29,  3^  miles 
east  of  Deming,  was  sunk  to  a  depth  of  710  feet  in  the  hope  of  obtain- 
ing an  artesian  flow.  The  water  now  stands  about  24  feet  below  the 
surface. 

In  the  156-foot  well  at  the  ShuU  ranch,  in  the  SW.  J  sec.  32,  the 
first  water  at  29  feet  does  not  rise,  but  the  second  water,  at  80  to 
103  feet,  and  the  third  or  main  water,  in  gravel  and  sand  at  140 
to  156  feet,  rise  within  24  feet  of  the  surface.  The  well  consists  of 
a  pit  2  feet  in  diameter  and  50  feet  deep,  below  which  is  a  9|-inch 
casing  with  screens  at  the  second  and  third  water  beds.  Heavy 
pumping  for  half  an  hour  lowers  the  water  to  45  feet  below  the 
surface,  but  it  remains  stationary  at  that  level  even  for  12  hours 
with  an  output  reported  at  1,250  gallons  a  minute.  In  the  NW.  ^ 
sec.  26  it  was  necessary  to  sink  to  a  depth  of  180  feet  to  obtain  the 
volume  required,  but  the  water  rises  within  28  feet  of  the  surface. 

In  the  northern  half  of  the  township  the  water  lies  deeper  and 
is  of  less  volume  than  in  the  southern  half.  In  the  200- foot  well 
at  the  Hollis  ranch,  in  the  southwest  comer  of  sec.  18,  42  feet  of 
water-bearing  sands  in  three  beds  were  penetrated,  but  the  volume 
of  water  is  stated  to  be  less  than  was  expected.  A  200-foot  well 
in  the  NW.  i  sec.  20  is  closely  similar  to  the  Hollis  well,  with 
water  54  feet  below  the  surface,  but  its  pumping  limit  is  stated  to 
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be  50  gallons  a.  minute.    Both  wells  are  in  fine  sand  for  the  greater 
part  of  their  depth. 

Two  trials  for  water  have  been  made  near  Mirage  eiding,  but 
only  small  yields  were  obtained,  and  in  a  new  boring  a  few  rods 
southeast  of  the  siding  the  water  is  80  feet  below  the  surface.  It  is 
possible  that  the  conditions  will  be  found  more  favorable  in  the 
southwest  comer  of  the  township  than  they  are  to  the  southeast, 
but  no  wells  have  been  sunk  to  test  the  water  resources  of  that  area. 


T.  n  S.,  B.  9  w. 


The  city  of  Deming  is  situated  in  the  south-central  part  of  T.  23  S., 
E.  9  W.,  and  the  arroyo  of  Minibres  Kiver  crosses  the  township  from 
west  to  east  in  sees.  19  to  23  and  25.  In  Deming  there  are  many  wells 
for  domestic  supply,  mostly  pumped  by  windmills,  and  also  a  city 
waterworlfs,  which  pumps  from  wells  139  feet  deep.  In  the  eastern 
part  of  the  city  the  water  surface  is  only  about  45  feet  deep,  but 
the  depth  gradually  increases  to  58  feet  in  the  western  part  of  the 
city.  In  the  trench  cut  by  tiie  river  the  depth  to  the  water  is  15  to 
20  feet  less. 

The  following  is  a  list  of  the  wells  in  this  township,  except  most 
of  the  private  wells  in  Deming: 
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The  wells  in  Deming  obtain  abundant  supplies  of  remarkably  pure 
water,  mostly  at  50  to  60  feet  below  the  surface.  The  139-foot  well  at 
the  city  waterworks,  in  the  southwest  corner  of  sec.  27,  penetrated 
three  water-bearing  beds,  but  the  main  supply  is  obtained  from  sand 
at  90  to  105  feet,  and  when  the  pumps  are  raising  1,000  gallons  a 
minute  the  water  is  lowered  only  a  few  feet.  The  water  rises  within 
55  feet  of  the  surface  or  to  the  top  of  the  gravel  containing  the  first 
water.  The  112-foot  well  near  the  railroad  station,  a  short  distance 
east  of  the  waterworks,  furnishes  the  supply  for  the  three  railroads. 
The  water  surface  in  this  well  is  45  feet  deep.  In  the  new  well  at  the 
city  park  in  front  of  the  Deming  station,  160  feet  deep,  a  deeper  bed 
supplies  the  water. 

The  group  of  wells  just  east  of  Deming  are  mostly  from  140  to  169 
feet  deep  and  each  one  yields  from  400  to  1,000  gallons  a  minute.  The 
water  is  used  in  greater  part  for  irrigation  of  truck  farms.  The 
wells  penetrate  from  40  to  45  feet  of  water-bearing  sands.  Some 
wells  west  of  Deming,  in  sees.  29  and  30,  are  70  to  203  feet  deep  and 
most  of  them  have  developed  large  water  supplies.  One  of  these,  in 
the  northern  part  of  sec.  29,  is  154  feet  deep  and  penetrated  43  feet  of 
sands;  another,  70  feet  deep,  had  6  feet  of  water  and  gravel;  and 
a  203-foot  well  a  mile  to  the  west  had  31  feet  of  water-bearing  beds. 

There  are  very  few  wells  in  the  portion  of  this  township  lying 
north  of  Mimbres  River,  and  some  wells  in  that  district  have  not 
yielded  as  large  a  supply  as  was  expected.  The  depth  to  water  in- 
creases toward  the  north,  and  probably  it  is  70  feet  or  more  in  the 
northeast  comer  of  the  township  and  near  100  feet  in  the  southwest 
comer.  This  is  indicated  by  the  group  of  wells  in  sees.  7,  8,  and  17, 
in  which  wells  85  to  100  feet  deep  have  water  at  80  to  92  feet  below 
the  surface. 

The  215-foot  well  at  the  Brack  ranch,  in  the  southeast  comer  of 
sec.  12,  throws  much  light  on  the  underground  conditions  in  the 
northeastern  portion  of  the  township.  It  penetrated  seven  thin 
sands  at  intervals  from  67  to  212  feet,  and  finally  obtained  a  fair 
supply  of  water  rising  within  65  feet  of  the  surface.  Clay  extends 
from  212  to  515  feet 

T.  S4  8.,  B.  8  W. 

T.  24  S.,  R.  8  W.,  lies  southeast  of  the  township  in  which  Deming 
is  situated,  and  its  northwest  comer  is  2  miles  southeast  of  that  city. 

The  underground  waters  have  been  reached  by  numerous  wells, 
mainly  in  the  northern,  central,  and  western  portions  of  the  town- 
ship. The  following  list  includes  all  borings  for  which  definite  data 
could  be  obtained: 
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Several  of  the  wells  in  the  southern  and  western  parts  of  this 
township  are  notable  for  the  large  volumes  of  water  they  yield,  most 
of  which  is  used  for  irrigation.  One  of  the  best  known  is  the  Huud 
well,  in  the  northwest  comer  of  sec.  6,  which  draws  from  the 
third  bed  at  149)  feet.  A  view  of  the  outlet  is  shown  in  Plate  X,  A. 
It  is  pumped  with  a  35-horsepower  engine  and  is  reported  to  yield 
1,200  gallons  a  minute,  which  draws  down  the  water  level  to  49  feet 
below  the  surface. 

The  Hick  well,  in  the  northwest  comer  of  sec.  7,  draws  its  main 
supply  from  sand  and  gravel  extending  from  46  to  100  feet.  A  test 
hole  at  this  place  found  nothing  but  clay  from  150  to  170  feet.  The 
water  rises  to  the  level  of  the  first  water  at  85  ieet,  but  it  is  stated 
that  pumping  at  the  rate  of  1,000  gallons  a  minute  lowers  the  water 
15  feet. 

In  the  E.  )  sec.  21  excellent  water  is  obtained  at  a  depth  of  138 
feet,  apparently  in  large  supply,  but  the  water  found  at  a  depth  of 
40  feet  was  of  bad  quaUty.  In  the  NE.  J  NW.  J  sec.  28  the  water 
at  40  feet  contains  considerable  mineral  matter  and  can  be  used  only 
for  stock.    A  mile  farther  east,  in  sec.  27,  an  80-foot  well  reached 
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rock  and  found  water  in  ample  supply  but  too  highly  mineralized 
to  use  for  irrigation.  A  well  a  mile  still  farther  east,  in  sec.  26, 
reached  rock  and  found  no  water. 

At  the  Solignac  ranch,  which  is  in  the  Mimbres  bottom  lands,  the 
underground  water  comes  within  4  feet  of  the  surface.  It  has  been 
developed  by  a  trench  40  feet  long  and  about  10  feet  deep,  in  the 
center  of  which  a  9f -inch  hole  has  been  bored  60  feet  to  and  into 
the  second  stratum.  When  water  is  pumped  from  the  trench  there 
is  sufficient  flow  from  the  boring  to  yield  a  large  amount  of  water 
for  irrigation.  Some  features  of  this  plant  are  shown  in  Plate 
XI,  A. 

At  Berryman  place,  half  a  mile  southeast  of  the  Solignac  ranch, 
the  land  is  higher  and  the  first  water  is  30  feet  below  the  surface. 
The  second  stratum  is  at  a  depth  of  54r-63  feet  and  appears  to  contain 
a  very  large  amount  of  water. 

In  the  96- foot  well  at  Lesdo's  ranch,  a  mile  northwest  of  the  Solig- 
nac ranch,  the  water  rises  to  the  top  of  the  first  stratum,  or  17  feet 
below  the  surface.  Three  water-bearing  sands  were  penetrated,  con- 
taining 30  feet  of  sand  in  all,  but  the  principal  supply  is  from  the 
second  sand,  at  44  to  52  feet. 

On  the  McBride  desert  claim,  in  sec.  30,  a  161-foot  test  well  found 
the  first  water  in  coarse  gravel  at  45  to  50  feet  From  50  to  63  feet 
this  well  passed  through  compact  clay,  and  from  67  to  96  feet  alter- 
nations of  clay,  sand,  and  gravel  containing  considerable  water,  which 
rose  within  44  feet  of  the  surface  and  stood  a  pumping  test  stated  to 
be  at  the  rate  of  400  gallons  a  minute.  From  96  feet  to  the  bottom 
there  was  clay  with  no  water. 

At  the  Stroup  well,  in  sec.  19,  a  satisfactory  water  supply  is  ob- 
tained from  an  alternation  of  mud,  gravel,  and  clay  deposits  begin- 
ning at  43  feet  and  extending  to  the  bottom  of  the  well  at  70  feet. 

The  deep  well  in  the  south-central  part  of  sec.  20  was  sunk  to  a 
depth  of  1,665  feet  in  the  hope  of  obtaining  an  artesian  flow.  At 
620  feet  the  water  rose  to  17  feet  below  the  surface,  or  23  feet  higher 
than  in  shallow  wells  in  the  vicinity,  and  a  supply  of  800  gallons  a 
minute  was  pumped  in  a  test  run  with  a  25-horsepower  pump.  Very 
little  water  was  found  below  620  feet,  the  depth  from  which  the  well 
is  now  pumped. 

In  a  560-foot  boring  in  the  northwest  corner  of  sec.  21  only  28 
feet  of  water-bearing  sands  were  penetrated,  with  much  fine  com- 
pact material  below  82  feet.  The  water  rises  within  33  feet  of  the 
surface,  and  it  is  reported  that  when  the  well  is  pumped  at  the  rate 
of  800  to  1,000  gallons  a  minute  the  water  is  drawn  down  to  a  depth 
of  80  feet,  where  it  remains  while  pumping  ccmtinues. 
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T.  24  S.,  R.  9  W.,  is  next  soudi  to  the  township  in  which  Duning 
is  located  and  for  1  to  1^  miles  its  north  line  is  the  southern  limit  of 
that  city.  In  this  township  there  are  many  successful  wells  that 
afford  a  lai^  amount  of  water,  which  is  used  mostly  for  irrigation. 
The  following  teble  ^ves  the  principal  features  of  the  wells  so  far 
as  they  could  be  obteined. 

Wellt  in  T.  ti  8.,  R.  9  W. 
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The  yolmne  of  water  appears  to  be  large  throughout  the  town- 
ship, for  large  amounts  are  pumped  for  irrigation,  and  prolonged 
pumping  reduces  the  water  level  only  a  few  feet  while  the  pumps 
are  in  operation. 

The  Young  well  (PL  X,  5,  p.  180),  in  the  northwest  comer  of  sec. 
28,  is  203  feet  deep  and  is  the  deepest  one  in  the  township.  Although 
considerable  water  was  found  in  the  first  stratum,  at  58  to  75  feet,  the 
main  supply  was  reached  in  the  second  stratum,  at  176  feet,  and  the 
amount  increased  somewhat  as  boring  progressed.  The  water  level 
is  53  feet  below  the  surface  and  is  lowered  to  64  feet  by  4  hours' 
pumping  with  a  No.  5  pump  having  an  S^-inch  discharge.  The 
well  is  dug  55  feet  with  a  diameter  of  5}  feet  and  bored  1  foot  in 
diameter  to  the  bottom. 

The  well  at  Sander's  ranch,  in  the  northwest  comer  of  sec.  7, 
consists  of  a  pit  12  feet  in  diameter  and  84  feet  deep,  with  two  6-inch 
holes  in  the  bottom,  one  extending  to  130  feet  and  the  other  to  150 
feet  below  the  surface.  The  water  rises  within  60  feet  of  the  surface 
and  is  reported  to  yield  600  gallons  a  minute,  with  a  temporary  drop 
of  only  a  few  feet  while  the  pump  is  in  operation.  On  the  next 
quarter  section  to  the  south  is  the  Milliken  well,  200  feet  deep,  which 
is  reported  to  yield  450  gallons  a  minute,  and  a  10-hour  run  lowers  the 
water  surface  only  about  10  feet. 

The  well  on  the  McBride  ranch,  near  the  center  of  sec.  12,  con- 
sists of  an  80-foot  pit  2  feet  in  diameter  with  an  18-inch  boring  40  feet 
deep  in  the  bottom.  Water  was  f oimd  at  40  feet,  but  the  first  notable 
supply  is  in  gravel  at  55  to  61  feet,  and  the  main  supply  is  derived 
from  the  third  stratum  at  111  to  117  feet.  Between  the  second  and 
third  strata  there  are  some  additional  thin  water-bearing  beds. 

In  the  Bumpass  well,  in  the  center  of  the  SE.  I  sec.  8,  water  is 
obtained  from  the  third  stratum  at  a  depth  of  115  to  129  feet.  Clay 
was  penetrated  at  64  to  68  feet  and  at  129  to  130  feet,  and  there  are 
many  alternations  of  clay  and  sand  from  74  to  115  feet. 

At  the  Bradshaw  &  McBride  well,  in  the  western  part  of  sec.  12, 
the  main  supply  is  obtained  from  the  second  stratum,  at  65  to  78  feet. 
It  is  reported  that  this  well  yields  1,250  gallons  a  minute  and  has 
been  pumped  steadily  for  three  days  and  parts  of  the  intervening 
nights  without  lowering  the  water  level  greatly,  although  pumping 
soon  exhausts  the  water  of  the  first  stratum.  Half  a  mile  south  of 
this  well,  in  the  northwest  corner  of  sec.  13,  is  the  Connaway  well, 
which  has  given  much  less  satisfactory  results  than  neighboring 
wells  to  the  north  and  west.  The  pump  is  set  at  a  depth  of  55  feet, 
and  perforated  screen  extends  from  60  to  150  feet,  except  in  some 
caliche  at  80  to  85  feet,  where  the  screen  is  blank.  A  small  amount 
of  water  occurs  at  50  feet.   It  is  reported  that  the  well  can  be  pumped 
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at  a  rate  of  300  gallons  a  minute  all  day,  but  apparently  this  rate  is 
the  limit,  for  with  greater  production  the  water  rapidly  drops  below 
the  pump  intake  at  55  feet. 

The  Bowman  well,  in  the  northwest  comer  of  sec.  12,  indicates 
that  the  water  conditions  are  more  favorable  to  the  north,  for  at  a 
depth  of  only  52  feet  it  yields  350  gallons  a  minute  for  18  hours  a 
day  pumping.  A  6-horsepower  engine  is  used.  This  well  consists 
of  a  6-foot  pit  40  feet  deep  with  a  10-inch  boring  in  its  bottom  to  the 
main  water-bearing  gravel  at  62  feet. 

T.  84  &,  B.  10  w. 

There  are  about  20  wells  in  T.  24  S.,  E.  10  W.,  most  of  them  in 
its  southeastern  and  central  parts,  with  isolated  wells  in  sec.  35 
and  southwest  of  Tunis.  Red  Mountain  occupies  an  area  of  about 
4  square  miles  in  the  central  western  part  of  the  township,  and  the 
Snake  Hills  cut  off  the  underground  waters  in  sees.  32,  33,  and  34. 
The  following  list  presents  all  the  data  which  could  be  obtained 
regarding  wells  in  this  township : 

Wells  in  T.  24  S.,  R,  10  W. 


Location. 


Seo.  1. 
Bee.  12 
Sec.  12 
8«e.l3 
Sec.  14 
Bee.  15 
Bee.  15 
Bee.  28 
Bee.  27 
Sec.  35 


SE.iSW.J... 
,  NW.  i  NW.  i. 

NW..NE.J. 

NW. -BE.i.. 

NW.  ■  NW.  i. 

NW.:  BE.i.. 

NW.JSW.i. 

jj.i.: 

NW.JNW.J. 
NW.j8E.i:. 


Depth. 


Feet, 

67 

69 

135 

208 


160 


78 

61 

100 


Depth 

of 

water 

below 

surfBoe. 


Reported 
yldd. 


Feet. 
60 

Gattona, 

64 

64 

68 

65 
65 

600 

69 
89 

900 

60 

600 

Depth  of  water-beaiiog  sands. 


Feet. 


64-90, 103-106, 115-118, 127-13a 
8&-87, 113-118, 146-148, 196-203. 


So  far  as  tested  the  waters  in  this  township  lie  somewhat  deeper 
than  those  in  the  adjoining  township  on  the  east  and  the  water-bear- 
ing strata  are  less  regular.  In  most  of  the  wells  the  supply  is  satis- 
factory and  fully  as  great  as  in  the  township  east  of  this  one.  The 
first  and  second  strata  hold  very  small  supplies,  and  in  the  center 
of  sees.  15  and  13  it  was  necessary  to  go  to  the  fourth  bed,  which  in 
sec.  13  was  found  to  lie  at  a  depth  of  196  to  203  feet.  The  water  in 
it  rises  within  64  feet  of  the  surface.  At  the  Hughes  well,  in  sec.  15, 
there  was  so  little  water  in  the  upper  beds  that  it  was  necessary  to  sink 
to  a  depth  of  160  feet.  The  supply  at  that  depth,  however,  was  found 
to  be  so  great  that  heavy  pumping  lowers  the  water  surface  only  5 
feet,  where  it  remains  constant  all  day. 
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T.  24  S.,  B.  11  W.,  lies  west  of  Bed  Mountain,  and  the  Southern 
Pacific  Bailroad  crosses  its  northern  portion.  There  are  several  wells 
in  the  northeastern  sections  which  obtain  satisfactory  water  supplies, 
but  to  the  west  and  south  the  conditions  appear  to  be  less  favorable. 
The  following  is  a  nearly  complete  list  of  the  wells: 

WeUs  in  T.  U  S.,  R.  11  W. 


T^ftf^^l^ 

Depth. 

Depth 

water 

below 

surface. 

Reported 
yield. 

Remarks. 

Bee  2.  SB.    8W.  ^ 

Feet, 
98 
110 
112 
102 
185 
94 
160 
105 
300 

Feet, 

94 

109 

110 

102 

94 

94 

90 

86i 

80 

aollime. 

8ee.8.BE.    BE.* 

Bee.  a.  BE.    NE.  i 

Bee.10.NE  18E.  i 

WindmilL 

Bee.  Ill  NW.\NE.i. .'.'.'.... 
Bee.  11.  BE.  iNE.i 

100 

Water  at  94  feet. 

8ee.l3.N.«. 

Small  pump. 

Oood  supply-  in  sand  at  96  to  105  feet. 

Water  aite  feet  only. 

BecajNW.iNW.i 

Sec  84.  W.  I.. * 

Few. 

Apparently  the  water  supply  is  variable  in  amount,  and  the  300- 
foot  boring  in  sec.  34  shows  that  in  the  southeastern  comer  of  the 
township  at  least  the  volume  is  too  small  to  be  serviceable.  The  vol- 
ume available  in  sees.  1,  2, 11,  and  12  has  not  been  fully  determined, 
but  the  well  in  the  NW.  i  sec.  11,  which  is  reported  to  yield  100 
gallons  a  minute  without  materially  lowering  the  water  level,  indi- 
cates a  fairly  large  amount.  In  the  low  land  in  sec.  31  the  water 
conditions  may  be  favorable  for  a  moderate  supply,  as  indicated 
by  the  well  a  short  distance  to  the  south,  in  the  next  township. 

T.  tt  8.,  B.  8  w. 

The  northern  half  of  the  Florida  Mountains  lies  in  the  eastern 
part  of  T.  25  S.,  E.  8  W.,  and  the  long  western  slope  of  the  alluvial 
fans  at  the  foot  of  the  range  extends  to  its  western  margin.  The 
main  underflow  zone,  however,  underlies  the  western  tier  of  sections 
and  may  extend  some  distance  farther  east,  though  there  are  no  data 
to  show  its  eastern  limit.  The  McCann  well,  in  the  NW.  J  sec.  18, 
is  85  feet  deep,  and  the  water  in  it  rises  within  38  feet  of  the  surface. 
Some  water-bearing  beds  were  penetrated  at  52  feet,  and  a  thick 
body  of  sand  extends  from  62  feet  to  the  bottom  of  the  well.  A 
pump  run  by  a  35-horsepower  engine  is  reported  to  raise  800  gallons 
a  minute,  and  the  water  is  used  for  irrigation.  Another  well  2  miles 
farther  south  is  of  less  depth,  and  the  water  level  is  37  feet  below 
the  surface. 

No  doubt  other  wells  will  be  sunk  on  the  slopes  farther  east  in  the 
township,  and  they  will  have  a  fair  prospect  of  finding  water  in  some 
of  the  coarser  beds  in  the  great  alluvial  fans  of  which  this  area  is 
constituted 
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Underground  waters  are  extensively  utilized  about  Hondale  and 
at  various  localities  in  nearly  all  parts  of  T.  25  S.,  B.  9  W.    The 
following  is  a  nearly  complete  list  of  the  wells: 
WctU  in  T.  U  8.,  R.  9  TT. 


Loatkn. 

Depth. 

surlaoe 

»&" 

Act. 

Am. 

so 

aso 

Mala  supply,  oowMgnvil,  IS-SIJIeM. 

(!H) 

soo-t- 
iSS 

800 

BO-«o,  110-ni,  i«j-wo. 

1 

so 

i 

S3 

& 
1 

1 

50 

49 
42 

Kis      fe;;;i: 

'?. 

iss?       ^ 

75 

■i 

SI 

Si      e;;;:; 

'« 

IS-St,  74-84,100-110. 

Si      e:;;;: 

ia««» 

Sg 

S2 

»10 

I 

gS           i::::;::: 

Si-T3,«7-11S,IB& 

SI         feE 

8"-M                        i 

IW 

1,000 

4&-SS,7S-S3. 

•  InslolllnK;  CBpadt;  not  detdnnbiKI. 

The  deepest  well  in  the  township  is  in  sec;  6,  where  a  test  boring 
reached  a  depth  of  550  feet  without  finding  any  notable  increase 
in  volume  of  water  below  210  feet  The  supply  is  so  great  in  sand 
extending  from  183  to  214  feet  that  vigorous  pumping  lowers  it  only 
slightly  while  the  pump  is  in  operation.  About  Hondale  the  first 
water  is  at  54  to  57  feet  below  the  surface,  and  this  also  is  the  level 
to  which  the  water  rises  in  the  deeper  wells. 

In  the  northwest  corner  of  sec.  35  the  first  water  is  in  a  bed  of 
sand  and  gravel  at  43  to  53  feet,  and  the  main  supply  is  obtained 
from  a  depth  less  than  100  feet. 

In  the  north-central  part  of  sec.  17,  east  of  Hondale,  a  moderate 
supply  of  water  is  obtained  from  a  4-foot  bed  of  sand  and  gravel 
which  extends  from  71  to  75  feet  and  is  overlain  by  gravel  and  sand 
cemented  by  caliche. 

T.  Bl  s.,  S.  10  w. 

Several  wells  in  the  central  and  northwestern  portions  of  T.  25 
S.,  B-  10  W.,  and  others  in  sees.  8,  17,  and  18  have  demonstrated  the 
extension  of  the  underground  waters,  and  doubtless  they  will  be 
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found  to  be  available  throughout  the  township.    The  following  list 
presents  the  data  obtained : 

WeUs  in  T.  25  fif.,  R,  10  W. 


Location. 


Depth. 


Depth 

of 

vater 

below 

surlaoe. 


Reported 
yield. 


Remarks. 


8«c,l,NW.4SW.i.. 
8ec8,NW.j8Wj.. 
8ec.ll,NW.JNW.i. 
8ec.U,NE.iNE.i.. 
8ec.l3,NW.^S£.}.. 
Sec.l7,NW.  NW.|. 
8ec.l8,NW.  :NW.{. 
8ec.l8,MW.i  SW.i. 
Sec.  22,  NW. }  NW.  i. 
8ee.24,NE.iNW.i. 
Seo.  15,  center. 


Feet, 


77 


Feet, 
60 
49 


OaJbmi, 


Many. 


61 


126 
276 


100 
160 


65 
58 

«J 

60 

55 

52 
49 
65 


600 

75 

Many. 

600 

aoo 


DrawdowB  10  feet;  sand  at  176-375  feet 


400 
600 


These  wells  show  that  the  underground  conditions  are  fairly  uni- 
form and  that  the  water  is  in  large  volume.  One  well  half  a  mile 
northwest  of  Hondale  obtained  an  excellent  supply  from  a  depth  of 
61  feet,  with  the  water  level  58  feet  below  the  surface.  It  has  been 
tested  only  to  75  gallons  a  minute.  In  general  the  water  lies  deeper 
to  the  north  and  west,  mainly  because  the  land  is  slightly  higher  in 
that  direction.  Probably  along  the  southern  tier  of  sections  the 
water  will  come  within  less  than  50  feet  of  the  surface. 

At  the  Hughes  well,  in  the  center  of  sec.  15,  the  water  is  from 
the  fourth  stratum  and  the  yield  is  reported  to  be  500  gallons  a 
minute.    The  drawdown  is  only  5  feet  in  an  all-day  nm. 

T.  85  B.,  &.  11  w. 

Two  wells  have  been  sunk  at  the  Watkins  ranches,  in  T.  25  S., 
E.  11  W.  One  recently  completed  at  the  76  ranch  is  130  feet  deep 
and  reaches  the  third  stratum.  The  water  rises  within  32  feet  of  the 
surface  and  occurs  in  fair  supply.  When  pumped  at  the  rate  of 
1,000  to  1,200  gallons  a  minute  the  water  sinks  to  54  feet  below  the 
surface.  A  deeper  boring  is  to  be  made  to  obtain  water  in  still  larger 
volume,  in  order  to  extend  the  irrigated  area.  The  old  wells  at  this 
ranch  are  40  to  45  feet  deep  and  are  pumped  by  windmills  to  supply 
stock.  A  well  sunk  for  Mr.  Watkins  in  the  northwest  corner  of  the 
township  is  150  feet  deep  to  the  second  stratum,  and  the  water  rises 
within  110  feet  of  the  surface.    It  also  is  pumped  by  a  windmill. 

At  the  Jordan  ranch,  in  the  SW.  J  sec.  18,  a  well  191  feet  deep  has 
water  within  38  feet  of  the  surface  and  yields  400  gallons  a  minute. 
The  first  water  was  reached  at  60  to  65  feet  and  the  second  at  182  to 
191  feet.    The  well  is  in  the  arroyo. 

The  Darbyshire  well,  in  the  NW.  i  NE.  {  sec.  25,  is  200  feet  deep 
and  obtains  a  good  supply,  which  rises  within  49  feet  of  the  surface. 
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Probably  the  entire  township  is  underlain  by  water-bearing  beds 
at  rarious  depths,  the  depth  increasing  regularly  with  the  rise  of  the 
land  to  the  north  and  west.  There  may  be  masses  of  igneous  or  other 
rocks  not  far  imderground  at  some  points,  similar  to  the  one  which 
rises  above  the  surface  2  miles  east  of  the  76  ranch,  and  an  occurrence 
of  this  kind  would  locally  displace  the  water-bearing  beds. 

T.  H  B.,  B.  >  w. 

There  are  several  wells  at  ranches  along  or  near  the  grade  road 
in  the  southwestern  portion  of  T.  26  S.,  B.  8  W.  One  in  sec  Id  has 
the  water  level  40  feet  below  the  surface.  Another,  in  the  NW.  J 
SE.  I  sec.  30,  is  36  feet  deep  and  tiie  water  is  26  feet  below  the 
surface.  In  a  third,  in  the  northeast  corner  of  sec.  SI,  the  water  is 
21  feet  below  the  surface.  These  wells  obtain  plenty  of  water  iar 
irrigation  and  domestic  use  and  the  one  in  sec.  30  is  said  to  yield  500 
gallons  a  minute.  It  found  <»arse  sand  at  26  to  86  feet.  How  far 
east  toward  the  foot  of  the  Florida  Mountains  the  underground  waters 
extend  has  not  been  fully  determined,  hut  a  well  recently  sunk  in 
the  K£.  i  SE.  ^  sec  19  found  water-bearing  sand  at  100  to  112 
feet,  from  which  water  rises  within  75  feet  of  the  surface  and  appears 
to  be  in  satisfactory  volume.  The  results  in  this  well  indicate  that 
more  or  less  water-bearing  material  will  be  found  nearly  to  the  foot 
of  the  rocky  slope. 

T.  as  B.,  B.  *  V. 
Wells  in  the  craitral  and  northern  portions  of  T.  26  S.,  K.  9  W., 
together  with  those  in  adjoining  town^ps  to  the  east  and  west, 
show  a  general  extensimi  of  the  under^ro.und  waters  in  this  district. 
The  following  is  a  nearly  complete  list  of  the  weUs  in  the  township. 
Most  of  them  supply  water  for  irrigation. 


WelU  inT.tes 

,B.9W. 

:«.„. 

DfTth- 

"sr 

FM. 

Fat. 
3& 

omoiu. 

rat. 

h'i 

80 
ISO 

40 

i 

TOO 

r4 

700 

srs-S' 

F---- 

Mi 

,i 

S3 
40 

-^ 

a^i.  imsD,  la-m. 

w 

80 

800 

m 

Water  In  » t«et  ot  mvn. 
Bo-as,  40-4S,  M-ie,  So-u,  ;g-so. 

rU:::::::: 

UNDERGROUND  WATER. 
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The  water  is  mostly  40  to  45  feet  below  the  surface,  except  in  the 
southeast  comer  of  the  township,  where  it  probably  stands  at  about 
25  feet  In  the  western  part  of  sec.  22  the  water  is  40  feet  below  the 
surface.  The  volume  of  water  is  great,  for  vigorous  pumping  lowers 
the  water  surface  only  a  few  feet  in  most  of  the  wells  and  it  rises 
again  soon  after  the  pump  is  stopped.  A  very  satisfactory  well  in 
the  northwest  comer  of  sec.  3  is  only  81  feet  deep  and  f oimd  38  feet 
of  water-bearing  sand.  A  well  a  mile  farther  southeast,  in  the  south- 
ern part  of  sec.  3,  obtains  a  large  volume  of  water,  mainly  at  the  bot- 
tom of  a  9- foot  stratum  of  sand  and  gravel. 

T.  86  8.,  R.  10  w. 

Numerous  wells  about  Tola  and  in  the  southeastern  part  of  T.  26  S., 
R.  10  W.,  show  that  the  underground  waters  are  available  under  all  of 
the  area  north  of  Palomas  Arroyo,  but  the  conditions  are  less  favor- 
able south  of  that  valley.    The  wells  so  far  reported  are  as  follows: 

WelU  in  T.  26  S.,  R.  10  W. 


OflCa 

See. 


8«c. 


Sec. 

860. 

Sec. 
See. 
Seo. 
Sec. 
Sec. 
Sec. 
See. 
See. 
Sec. 
See. 
Sec. 
Seo. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec 
Sec. 
See. 
Sec. 
Sec. 


l,NW.i8W.J.. 
a,SW.i8B.i.... 
8,SE.i8E.i.... 
7,SW.>8W.Jw.. 
o'NE.JSE.i.... 
10»NB.iNB.l.. 
10,NW.\SE.l.. 
10,NW.  8W.*. 
11,  NW.  NW.\. 
11,NW.  SW.* 
11,NW.  NE. 
14,NW.  :SW. 

hInw.jnw.. 

16,8W.i8W.|.... 
17,06nUrofNW.i. 
17,SE.i8W.J... 
l»,SW.\NW.i.. 
l»,NW.i8W.t.. 
20,6W.iNE.i.. 
20  NE.tSB.i... 
aO,8W.}8W.*.. 
21,SW.lNW.  .. 
23.NW.\8W.  .. 
24,NW.JnE.  .. 
28,NW.|NE.  .. 
28,NW.i8W.l.. 
»,8E.iNW.i.. 
29,NW.JSW.i. 
83,NE.iNE.J.. 
33,  center  of  BE.  i. 
35,NW.iNE.}.. 


Deptb. 


Feei. 

110 
74 
51 
31 


160 
156 
100 


160 
50 


40 
80 
00 
42 

150 
200 
82 
60 
120 
160 


150 
212 
98 
86 
200 
112 
100 


Depth 

of 

water 

below 

surface. 


Fut. 
40 
50 

23 

50 

40 

50 

531 

40 

50 


40 

46| 

46 


30 


50 
70 
40 
40 
55 
60 


110 
00 
50 


Reported 
yield. 


OiiOxmt, 


300 

325 
500 


40 


Few. 
Few. 


60 
Few. 


000 


Very  few. 


Few. 
Few. 
Few. 


Remarks. 


WIndmlU. 


Da 


Dug  well;  in  rock  below  70  feet 


Rock  at  57-40  feet. 
In  rock. 


Pumps  dry  in  a  few  minates. 
In  rook;  no  water. 


The  wells  about  lola  obtain  large  supplies  of  water  at  depths  less 
than  100  feet,  and  the  water  rises  within  40  to  50  feet  of  the  surface. 
One  well  in  sec.  10  is  reported  to  pump  300  gallons  a  minute  and 
another  600  gallons  without  reducing  the  water  level  greatly.  A 
160-foot  well  in  the  northern  part  of  sec.  24  is  reported  to  yield  900 
gallons  a  minute,  and  continued  pumping  for  irrigation  lowers  the 
water  level  only  11  feet. 
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The  igneous  masses  in  Midway  Buttes  cut  off  the  water-bearing 
beds  for  some  distance,  but  wells  in  the  plain  to  the  north  and  east 
obtain  satisfactory  supplies  rising  within  50  feet  of  the  surface.  The 
water  conditions  appear  to  be  very  irregular  and  mostly  unsatisfac- 
tory in  the  southwestern  quarter  of  the  township.  Some  of  the 
wells  are  in  rock,  which  comes  near  to  the  surface  and  contains  but 
little  water,  and  some  of  that  is  of  unsatisfactory  quality.  A  deep 
boring  in  the  NW.  i  NE.  J  sec.  28  found  a  small  volume  of  water 
which  rises  within  55  feet  of  the  surface  but  quickly  pumps  out. 
Possibly  with  greater  depth  a  larger  amount  could  be  obtained  in  the 
wells  that  have  been  unsatisfactory.  In  the  southwest  comer  of 
the  township  igneous  rocks  displace  the  water-bearing  beds,  and  it 
is  possible  that  the  area  in  which  this  condition  exists  is  of  consider- 
able extent. 

T.  87  8.,  E.  8  W. 

Underground  waters  have  been  developed  by  wells  at  short  inter- 
vals in  a  zone  extending  along  the  slopes  of  Palomas  Arroyo  from 
,  northwest  to  southeast  across  T.  27  S.,  R.  8  W.  These  wells  have 
shown  that  the  water  rises  within  less  than  25  feet  of  the  surface 
in  part  of  the  area  and  that  there  is  a  large  volume  of  water  avail- 
able, at  least  near  the  arroyo. 

The  arroyo  is  more  than  half  a  mile  wide  where  it  crosses  the 
line  between  the  Florida  and  Tres  Hermanas  mountains.  Undoubt- 
edly it  contains  a  large  imderflow  moving  slowly  southeastward. 
Part  of  the  water  is  from  the  upper  course  of  the  Palomas,  but  the 
larger  volume  comes  from  the  wide  bolson  on  the  northwest,  includ- 
ing the  southern  extension  of  part  of  the  Mimbres  Valley. 

The  following  is  a  list  of  wells  so  far  recorded  in  this  township : 

Wells  in  T.  27  S.,  R.  8  W, 


l/ocatlon. 

Depth. 

Depth 
of  water 

below 
surface. 

Beported 
yield. 

Remarks. 

Seo.l.NE.i 

TtH, 
250 

JVrt. 

OaZZoiu. 

No  water. 

Sec.S.NW.i 

W  indmills  (old  wells). 

Sec.O.NE.i 

39 

84 

40 

87 

26 

30* 

86 

89 

500 

125 

23 

20 

192 

86 

23 
24 

21 
21 
19 
25 
475 

300 
950 
1,000 
500 
300 

Sec.7.NE.I 

8«j.7;NW.iNW.i 

Beo.g.SW.iNW.^ 

8ec.8,NW.iNW.i 

Sec.  8,  NW.  t  NE.  J 

Seo.O,  BE.JNW.l 

250 
800 

Bee.  9, 8W.  \ 

Bec.ll.NW.* 

Salty  water  below  325  feet 
Snuul  supply. 

8ec.l2,NW.J 

Sec. 15 

18 
17 
21 
30 
81 

50 

Many. 

700 

150 

Bee.  17,  N^ BE.i 

Bee.  23,  NW.  i  BW.  i 

Bee.  25,  BE.  iSW.  i 

Sec.25,NW.i 

Two  wells. 

8ec.27,NE.4NE.t 

37i 
85 

Not  tested. 

8eo.86,NE.iNW.i 

750 

A  WATERING  PLACE  IN  THE  DESERT. 
lounUini.     FiDridt  Mountaini  In  dlXanca, 


DISCHARGE  FROM  WELL  PUMPED  BY  QASOLINE  ENGINE  AT  PIERCE  R, 
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The  well  shown  in  Plate  XII,  A^  is  in  the  N.  i  SE.  \  sec.  17,  in 
the  bed  of  Palomas  Arroyo.  It  is  20  feet  deep,  has  a  water  level  17 
feet  below  the  surface,  and  furnishes  a  large  supply  of  excellent 
water.  A  mile  to  the  northeast  is  a  well  39  feet  deep,  with  the  water 
level  25  feet  below  the  surface,  which  is  pumped  for  irrigation  to  the 
extent  of  300  gallons  a  minute.  There  are  two  other  similar  wells 
1^  miles  farther  north. 

The  Dixon  well,  in  the  northeastern  part  of  sec.  6,  penetrated  8 
feet  of  compact  loam,  27^  feet  of  loose  sand,  1^  feet  of  clay,  and  2  feet 
of  quicksand  in  the  bottom.  In  the  western  part  of  sec.  7  a  large 
volume  of  water  has  been  found  rising  within  23  to  24  feet  of  the 
surface.  The  test  boring  sunk  at  tfie  Laffoon  ranch,  in  the  SW.  i 
sec.  23,  to  a  depth  of  192  feet  with  the  expectation  of  finding  water 
that  would  rise  higher  in  the  well  obtained  no  large  supply  below 
the  first  stratum  at  21  feet,  which  affords  ample  volume.  Most  of 
the  material  penetrated  was  "  cement  gravel "  containing  some  water 
and  including  several  thin  water-bearing  sands  that  gave  no  notable 
increase  in  volume  or  head. 

In  two  wells  in  the  NW.  J  sec.  25  the  water  is  within  31  feet  of 
the  surface,  and  although  only  a  moderate  volume  is  now  being 
pimiped  it  is  said  that  much  more  could  be  obtained. 

In  the  center  of  the  township  the  underflow  apparently  does  not 
extend  far  southwest  of  the  Palomas  Arroyo,  for  the  rocks  of  the 
Tres  Hermanas  Mountains  soon  rise  in  that  direction.  Farther 
south  the  conditions  have  not  been  tested,  and  there  may  be  a  con- 
siderable area  in  which  water  may  be  available.  A  few  wells  in 
the  northeastem'portion  of  the  township  indicate  rather  unfavorable 
conditions.  A  600-foot  boring  in  the  NW.  \  sec.  11  obtained  only 
salty  water  and  no  water  above  325  feet,  and  two  wells  to  the  east  and 
northeast  had  most  unsatisfactory  results. 

T.  87  s.,  B.  9  w. 

There  is  a  group  of  successful  wells  about  Waterloo  on  the  north- 
eastern comer  of  T.  27  S.,  R.  9  W.,  which  furnish  water  for  ex- 
tensive irrigation.  They  are  all  near  Palomas  Arroyo,  and  in  all 
except  one  the  water  rises  within  23  feet  of  the  surface.  The  wells 
are  from  25  to  30  feet  deep,  with  the  exception  of  an  old  one  at 
the  3  C  ranch,  which  is  39  feet  deep  and  contains  only  4  feet  of  water, 
though  this  is  enough  to  serve  for  ranch  use.  The  Peters  &  White 
well,  at  Waterloo  post  office,  is  30  feet  deep  and  has  7  feet  of  water- 
bearing sand  and  gravel  in  its  bottom.  A  test  hole  16  feet  deeper 
was  entirely  in  gravel.  The  yield  of  this  well  is  600  gallons  a  minute, 
and  two  other  wells  in  the  group  furnish  similar  amounts.  A  well 
in  the  northwest  corner  of  sec.  1  is  30  feet  deep,  and  the  water  rises 
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within  23  feet  of  the  surface  and  furnishes  about  600  gallons  a 
minute.  Coarse,  loose  water-bearing  gravel  was  entered  at  23  feet, 
and  a  test  hole  continued  to  a  depth  of  46  feet  did  not  reach  the 
bottom  of  that  material. 

The  Manning  well,  in  the  SW.  i  sec.  1,  is  40  feet  deep,  and  the 
water  rises  within  23  feet  of  the  surface.  It  furnishes  1,000  gallons 
a  minute  for  the  irrigation  of  30  acres.  The  Watkins  well,  in  the 
NE.  J  sec.  3,  is  105  feet  deep  and  has  water  within  27  feet  of  the 
surface.  It  found  gravel  extending  from  27  to  46  feet,  with  plenty 
of  water,  but  clay  from  46  to  105  feet. 

There  are  several  wells  along  the  Palomas  Arroyo  in  sees.  4  to  6. 
One  in  the  NE.  ^  sec.  4  is  50  feet  deep,  and  the  water  rises  within  33 
feet  of  the  surface  and  pumps  300  gallons  a  minute.  It  is  in  12  feet 
of  gravel.  Half  a  mile  farther  west  is  a  shallow  well,  with  water 
33  feet  below  the  surface.  In  tiie  SW.  J  sec.  6,  a  50-foot  well  has 
water  35  feet  below  the  surface  and  is  pumped  by  a  windmill  for 
stock.  In  the  northeast  comer  of  sec.  6  a  36*  foot  well,  with  6  feet 
of  water  in  it,  pumps  20  gallons  or  more  a  minute,  and  a  well  in  the 
NW.  i  SE.  J  of  the  same  section  is  40  feet  deep  and  has  1  foot  of 
water  in  it,  apparently  only  in  small  volume. 

T.  87  B.,  B.  10  w. 

Underground  waters  have  not  been  extensively  developed  in  T. 
27  S.,  R.  10  W.,  and  the  principal  use  for  water  has  been  for  stock. 
There  are  several  fairly  satisfactory  wells  in  the  lowlands  in  the 
northeast  corner  of  the  township.  One  in  the  NE.  J  sec.  1  is  50 
feet  deep,  has  water  within  41  feet  of  the  surface,  and  yields  32 
gallons  a  minute.  A  60-foot  well  in  the  northwest  comer  of  sec.  12 
contains  3  feet  of  water  and  yields  a  fair  supply.  A  72-foot  dug 
well  in  the  NE.  J  NW.  i  sec.  3  appears  to  be  satisfactory.  Wells 
at  the  old  ranch  2  miles  east  of  Tomerlin  are  160  feet  deep  and 
obtain  water  at  100  feet,  which  rises  within  90  feet  of  the  surface, 
but  the  supply  is  small. 

OOLTnCBTTS  EEOIOV. 

Undergroimd  water  is  extensively  developed  about  Columbus  in 
the  wide  bolson  traversed  by  Palomas  Arroyo.  The  wells  range 
from  25  to  200  feet  in  depth  and  obtain  water,  which  rises  within  2 
feet  of  the  surface  near  the  international  boundary  but  only  within 
50  feet  or  more  in  the  area  farther  north.  The  volume  is  large  at 
most  places,  but  several  of  the  wells  southeast  of  Columbus  have 
not  obtained  a  sufficient  amount  for  irrigation.  The  following  list 
gives  the  principal  features  of  most  of  the  wells : 
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WeUs  in  the  Columbus  region. 


T.  »  8.,  m.  •  w. 


Bce.l,BW.|BE.k 

B«c.li,NW.JNW.i.... 
See.  13,  ecnte  of  BE.  i. . . 

Secl^BW.i. 

8«.13;NW.>NW.4.... 
8«>.13,NW.tNW.I.... 
Sec  14,  wvt-ocntral  iMrt. 


T.  M  B.,  X.  •  w. 


Bm.  1.  N  W.  h, 
8m. a,  SB.  |.. 
8€e.3,NW.|. 


B60. 9.  8.  j» ....... 

S«e.lO,NE.i 

8€e.U,NE.{ 

8«.ll,K.|BE.i. 

8ec.l5,8W.|NE.i. 

Sec.  17.  BE. 

8m.»,NB. 

See.  21,  NB. 

86e.2iLKl 

OolnmDas,  nSboad  well. 

Do 

Do 

Do 

2  miles  north  of  Colnmbus. 

6ec.23,NW.i 

8ee.3l'NW.{BW.i 

8ee.3&'NW.{NW.i 

8ec.36;NE.iBW.i 


T.»8.,X.  7V.(TJH8UXyKTXD). 

8ee.6,NW.i 

8ec.7,BW.i 

Bee.  8,  BE.  ^. 

Sec. »'...... 


T.  SB  B..  m.  T  W. 


8ee.S,NE.|. 
8eo.4'8W.|. 
Sec.  4,  W.  J.. 
Bee.  5.. ...... 


Beo* 
Bee. 
Bee. 
Sec. 
Sec. 
Sec* 
Bee. 
Sec. 
Bee. 
See. 
Sec. 
Sec. 
Sec. 
Seo. 
Sec. 
Seo. 
Bee. 
Seo. 
Sec. 
See. 
See. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 
Sec. 


•,NW.l, 
e'SB.i.. 
T.BE'f.. 

8,NW.t 
8,  BE.  i 

8;bw. 

f,  BW. 

9,NW.' 

•iBEj: 

10,  BW.*. 

14;8W.I. 

15,NW.l. 

lfi,BW.|. 

itineJ. 

ITlNW.l 

itJbw.j. 

wjNW.i, 

l^BE.i.. 
10,  BE.}.. 

ao^Kw.i. 

20,BW.i. 

a,Nw.\. 

Si;BE.i.. 


Depth. 


FetL 

33 

30O 


350 
187 
186 
165 
166 


86 

77 

146 


177 


166 
130 


300 
330 
123 
70,73 
153 
308^ 
800 
300 
217 
151 


160 
346 
2G0 
500 


130 
50 
43 

147 

46 
46 

40 

46 

78 

304 

44 

46 

46 

43 

40 

80 

90 

96 

90 

85 

47 

46 

50 

88 

46 

46 

130 

940 

130 

130 

107 


Depth 
of  water 

below 
sorfaoe. 


{ 


Reported 
vMd. 


Feet. 
13 
46 
13 
17 

? 

3 
36 


30 
57 
78 

300 


60 

43 

73 

100 


}• 


206 
130 
30 
33 
40 
41 
70 
138 
S3| 
29 
40 


4 

13 
12 


90 
40 
36 
13 


CMkn$. 


500 

1,300 

1,000 

Many. 

2,000 


300 


26-40 
6 


0 
0 


60 


80 

10 

150 

ICany. 


Few. 
2,000 


Few. 


Few. 

10 

Few. 

Few. 


Remarks. 


m 

150 

Few. 

Few. 

40 

Few. 

43 

1 

40 

3 

43 

13 

83 

16 

Few. 

Few. 

90 

Few. 

96 

Few. 

Few. 

77 

Few. 

40 

40 

Few. 

Few. 

Few. 

Few. 

Few. 

Windmill. 

Second  water  at  166-321  feet. 

Third  water  at  224-250  feet;  chief  supply. 

Water  at  126  feet;  none  below. 

Second  water. 

Water  begins  at  96  feet. 


Domestic  supply. 

First  water  at  90  feet,  not  much;  second  water 
at  132-146  feet. 


Dug  well,  good  supply. 
First  water  at  136  feet. 

First  water  at  140  feet;  second 
First  water. 


at  176  feet. 


Mainly  at  160  feet. 
Water  at  206  feet. 

Supply  at  188-217  ftet. 


Stock  weD. 

Fine  sand. 

Shay  ranch.    Bored  1.000  (976)  feet;  water  at 
hitervals  from  43  feet.   Not  tested. 


Not  tested. 


In  lO-inch  sand  bed. 


Fair  supply. 
No  water. 

Do. 
No  supply. 
Small  supply. 
1        Do. 


144 


LUNA  COUNTY,  NEW  MEXICO. 
WeUs  in  tJie  Columlms  region — (Continued. 


LoOBtSon. 

Depth. 

Depth 
of  water 

below 
surfbop. 

Reported 

yield. 

Remarks. 

T.  as  s.,  B.  7  w.— continued. 
Sec.  31,  SW. } 

326 
01 
109 
100 
610 
106 
200 
365 
200 

'"86' 

Few. 

Several. 

Few. 

Fine  sand. 

8ec.22,BW.| 

Sec.M.NWA 

Sec.  25. 

Fair  supply. 
Flowed  at  first. 

Sec.  26,  BE.  1 • 

3 

Timiles  east  of  Columbus 

Bee.  27,  BB. T..  .............. 

Very  little  water. 

Very  little. 

8ec.30,BW.i 

Small  suppfy. 

Sec.  30,  BE.  i 

Do.  "  "  ' 

8ec.31,8W.i 

200 

30 

.  •  .« . .  .  . 

Very  little. 

Sec.  33,  BE.  i 

No  water. 

Sec.35,NW.i 

285 

290 

500 

300 
45 
60 

130 

Do. 

Seo.  35,  north-central  part 

T.  27  B.,  B.  7  W. 

Seo.36,SW.i 

02 

10 

Quicksand  wttfa  water  at  138»  188,  and  388  fM. 

Sec.  30. 

8ec.31,  BW.i 

87 

86 

110 

200 

Many. 

Few. 

Sac. 32 

Seo.34,SW.i 

Do. 

All  available  information  regarding  most  of  these  wells  is  given  in 
the  table.  The  Bailey  well,  in  sec.  13,  was  the  first  to  test  the  under- 
ground water  conditions  in  the  southern  part  of  Lima  County.  It 
is  only  about  2  miles  north  of  the  large  springs  known  as  Ojo  de  las 
Adjuntas,  in  Mexico,  where  the  underflow  of  Palomas  Arroyo  comes  to 
the  surface  and  accumulates  in  the  Palomas  Lakes.  It  developed  a 
large  volume  of  water  at  126  feet,  rising  within  2  feet  of  the  surface, 
but  when  the  pump  is  producing  2,000  gallons  a  minute  the  water 
gradually  drops  to  7  feet  below  the  surface,  where  it  remains  station- 
ary. It  is  stated  that  the  water  level  in  a  second  well  a  few  feet  away 
is  not  noticeably  affected  by  this  draft  on  the  underground  supply. 
At  this  well  the  first  water  is  in  gravel  and  sand  extending  from  12  to 
40  feet  and  it  rises  only  to  12  feet  below  the  surface.  At  the  old 
Bailey  ranch,  in  sec.  14,  a  few  rods  north  of  the  international  bound- 
ary, the  main  water  supply  is  obtained  from  sandy  beds,  which  occur 
at  intervals  from  95  to  165  feet,  and  the  water  rises  within  25  feet  of 
the  surface. 

In  the  Pierce  well  (PL  XII,  5,  p.  140)  in  the  center  of  the  SE.  i 
sec.  12,  half  a  mile  northeast  of  the  Bailey  irrigation  well,  the  water 
rises  within  6  feet  of  the  surface.  Rock  was  reported  in  this  well 
from  197  to  250  feet.  Water  was  found  at  depths  of  25,  65, 177, 194, 
and  225  feet,  increasing  in  volume  and  head  to  250  feet.  The  water 
at  194  feet  came  within  17  feet  of  the  surface  and  that  at  240  feet 
within  12  feet  of  the  surface.  When  the  well  is  pumped  at  the  rate 
of  1,000  gallons  a  minute  the  water  level  is  not  greatly  lowered,  and 
the  same  thing  is  true  of  most  of  the  wells  at  and  south  of  Columbua 
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In  the  well  of  Mrs.  English,  in  the  southwest  comer  of  sec.  12, 
3  miles  southeast  of  Columbus,  water  from  a  depth  of  187  feet  rises 
within  3^  feet  of  the  surface.  In  the  Keenum  well,  in  the  northwest 
comer  of  sec.  11,  2  miles  south  of  Columbus,  water  from  a  depth  of 
221  feet  rises  within  12  feet  of  the  surface.  The  first  water  at  the 
Keenum  well  is  in  gravel,  extending  from  110  to  130  feet.  This 
stratum  is  underlain  by  4  feet  of  ^^  malpais "  (basalt  ? ) ,  31  feet  of 
clay,  and  56  feet  of  sand,  extending  from  165  to  221  feet.  The  well 
is  cased  with  8  and  6  inch  pipe. 

In  the  246-foot  well  at  the  Hallock  ranch,  half  a  mile  east  of 
Pierce's,  the  water  rises  within  4  feet  of  the  surface.  The  first  flow 
was  found  in  rock  at  a  depth  of  200  feet,  and  the  second  at  225  feet. 
The  material  above  the  rock  is  clay  with  thin  deposits  of  sand  con- 
taining water  at  30  and  135  feet,  but  these  waters  did  not  rise.  An 
18-horsepower  engine  and  a  No.  7  pump  with  10-inch  discharge  yields, 
it  is  said,  2,000  gallons  a  minute  without  greatly  lowering  the  water. 
In  the  250-foot  well  on  the  Poole  ranch,  half  a  mile  farther  east,  the 
water  comes  within  12  feet  of  the  surface.  Hard  rock,  supposed  to 
be  "  malpais,"  overlain  by  5  feet  of  blue  clay,  was  entered  at  246  feet. 
At  165  feet  and  again  at  200  feet  there  was  sand  which  yielded  some 
water  that  rose  within  50  feet  of  the  surface.  "Alkali "  water  was 
found  at  35  feet,  and  water  of  good  quality,  which  rose  within  53 
feet  of  the  surface,  at  78  feet. 

In  the  600-foot  boring  in  sec.  9  the  water  rises  within  12  feet  of 
the  surface,  but  the  supply  is  so  slight  that  a  small  engine  pumps  it 
down  to  170  feet  in  20  minute&  Water-bearing  sand  was  found  at 
210  feet  The  materials  to  308  feet  were  largely  red  clay.  Blue  clay 
extended  from  308  to  320  feet,  soft  red  rock  which  yielded  a  small 
amount  of  water  from  320  to  340  feet,  and  a  very  hard  black  rock, 
regarded  as  "  malpais,"  from  340  to  500  feet. 

The  wells  near  Columbus  find  somewhat  variable  water  conditions, 
as  they  are  some  distance  west  of  the  main  arroyo.  The  railroad 
well,  830  feet  deep,  with  water  at  about  30  feet  below  the  surface, 
obtains  plenty  of  water  for  locomotive  supply.  (For  analysis,  see 
p.  126.)  In  another  well  near  by  the  first  water  is  obtained  at  122 
feet  and  rises  within  32  feet  of  the  surface.  Two  wells  south  of  the 
railroad  have  water  in  moderate  amount  at  70  and  73  feet.  In  the 
200- foot  well  on  the  Waterbury  ranch,  half  a  mile  to  the  south,  water 
is  within  46  feet  of  the  surface.  In  the  151-foot  well  at  the  De  Rosear 
ranch,  half  a  mile  southeast  of  Columbus,  water  is  within  40  feet  of 
the  surface,  and  a  small  amount  of  water  that  rose  within  60  feet  of 
the  surface  was  found  at  110  feet.  Clay  extended  from  110  to  145 
feet,  where  the  water-bearing  sandstone  was  entered. 

97890"— BulL  618—16 ^10 
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A  well  398^  feet  deep  2  miles  north  of  Columbus  found  the  first 
main  water-bearing  bed  at  160  feet,  from  which  water  rose  within  80 
feet  of  the  surface,  and  with  increase  in  depth  the  water  finally  rose 
within  70  feet  of  the  surface.  The  258-foot  well  at  the  Stearly 
ranch,  in  the  SE.  |  sec.  9,  T.  28  S.,  B.  8  W.,  is  somewhat  similar,  but 
the  water  is  200  feet  below  the  surface.  As  the  lift  is  great  a  4-mch 
cylinder  pump  is  used  with  a  yield  reported  to  be  25  to  40  gallons  a 
mmute,  but  it  is  said  that  with  more  power  the  3rield  might  be  greatly 
increased. 

C)ntheThomasranchintheNW.iSW.isec.24,T.28S.,R8W., 
it  was  necessary  to  sink  200  feet,  but  the  water  rises  within  82^  feet 
of  the  surface  and  furnishes  a  satisfactory  supply  for  ranch  use. 
The  first  water  was  found  at  a  depth  of  94  feet.  The  beds  penetrated 
were  as  follows : 

Record  of  weU  in  the  NW,  i  SW.  i  see.  24,  T.  28  8.,  R.  8  W. 

Feet. 

Loam,  clay  to  sandy 0-  20 

Sand  (clean)  20-  29 

Gravel 29-  31 

Clay  and  compact  sand 31-  94 

Quicksand 94-  98 

Clay 98-118 

Quicksand    118-143 

Clay  and  quicksand  alternating  (2  to  3  feet) 143-197 

'*  Hardpan  "    197-199 

Sand  and  gravel  with  water  (thickness  unknown) 199-200 

The  217-foot  well  at  the  Peters  &  White  ranch,  in  the  northwest 
corner  of  sec.  25,  2  miles  northeast  of  Columbus,  reached  water-bear- 
ing sands  at  188  feet,  in  thin  deposits  between  beds  of  red  clay.  The 
water  came  within  29  feet  of  the  surface  and  was  satisfactory  in 
amount.  In  a  well  only  10  feet  from  this  one  the  strata  reported 
from  200  to  300  feet,  were  gravel  with  thin  deposits  of  clay  at 
intervals. 

In  a  65-foot  dug  well  at  the  Hansen  ranch,  in  the  SE.  \  sec  2, 
T.  28  S.,  R.  8  W.,  the  water  rose  8  feet  and  was  sufficient  for  ranch 
use,  but  the  well  was  finally  clogged  up  with  quicksand.  Another 
well  200  feet  away  found  harder  sand  at  67  to  77  feet  from  which 
water  rose  20  feet  in  the  well.  In  two  other  wells  in  the  N.  ^  SE.  \ 
sec.  11,  in  the  same  township,  60  rods  apart,  water  was  obtained  at 
42  feet  in  one  and  at  72  feet  in  the  other. 

In  the  300-foot  well  at  the  Engendorf  place,  on  the  grade  road  2| 
miles  northeast  of  Columbus,  the  main  supply  was  found  at  205  feet 
and  rises  within  138  feet  of  the  surface. 

Most  of  the  wells  near  Palomas  Arroyo,  northeast  of  Columbus, 
are  in  the  western  half  of  T.  28  S.,  E.  7  W.    They  are  mainly  35 
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or  40  feet  deep  and  obtain  only  moderate  sapplies  of  water.  In 
most  of  them  the  water-bearing  bed  is  fine  sand  or  quicksand.  A 
240-foot  well  in  the  NW.  J  sec.  19  failed  to  procure  a  supply.  It  is 
reported  that  a  975  or  1,000  foot  boring  at  the  Shay  ranch,  in  sec.  6 
(or  7),  T.  28  S.,  R.  7  W.,  found  water  at  intervals  from  43  feet  down, 
but  the  supply  was  small.  A  well  in  sec.  82,  T.  27  S.,  R.  7  W., 
obtains  a  supply  of  water  at  a  depth  of  36  feet,  which  is  pumped  for 
irrigation.  Wells  farther  east  in  this  township  have  obtained  but 
little  water.  One  500-foot  boring  in  the  SW.  i  sec.  26  found  a  very 
small  supply,  and  a  300-foot  boring  in.  the  SW.  i  sec.  30  is  reported 
unsatisfactory.  Wells  in  sees.  35,  26, 27, 22,  and  15,  T.  27  S.,  R.  7  W., 
yield  only  small  volumes  of  water. 

The  Kaltenmeyer  well,  44  feet  deep,  in  the  SE.  i  sec.  8,  T.  28  S., 
R.  7  W.,  has  a  12-foot  tunnel,  in  the  bottom  of  which  water  accumu- 
lates to  the  amount  of  about  5  barrels,  and  this  is  pumped  out  three 
times  a  day.  Another  well  500  feet  to  the  west  is  slightly  deeper  and 
contains  5  feet  of  water  which  3delds  about  2  gallons  a  minute. 
Unfortunately  the  clay  in  suspension  clogs  the  strainer  and  stops 
the  flow  when  the  pumping  cylinder  is  sunk  more  than  3  inches  into 
the  water.  Many  wells  from  40  to  204  feet  deep  in  the  northwestern 
and  west-central  part  of  this  township  (T.  28  S.,  R.  7  W.)  have 
failed  to  obtain  a  satisfactory  supply,  except  for  moderate  domestic 
use,  and  wells  200  to  355  feet  deep  in  the  southwestern  and  southern 
parts  of  the  township  have  had  similar  results. 

There  are  several  wells  in  the  southern  and  eastern  parts  of  this 
township,  but  many  of  them  contain  a  very  scanty  water  supply 
and  several  borings  failed  to  obtain  sufficient  water  for  domestic 
use.  The  sand  is  in  thin  deposits,  and  much  of  it  is  quicksand.  A 
boring  recently  made  in  the  NE.  J  sec.  26,  T.  28  S.,  R.  7  W.,  found 
but  little  water  until  it  reached  a  depth  of  510  feet,  where  a  small 
flow  was  found.  This  flow  continued  for  a  time  but  finally  ceased, 
and  the  water  was  3  feet  below  the  surface  in  the  summer  of  1913. 
It  is  said  that  the  flow  stopped  because  of  clogging  in  the  lower 
part  of  the  casing. 

Several  deep  wells  have  been  sunk  west  of  Columbus,  and  though 
some  of  them  have  obtained  small  supplies  others  have  been  dry 
holes.  The  Hoppe  well,  in  the  SW.  i  sec.  4,  T.  29  S.,  R.  9  W.,  9  milejs 
west  of  Columbus  and  2  miles  north  of  the  international  boundary, 
is  500  feet  deep.  The  water  rises  within  380  feet  of  the  surface  and 
yields  6  gallons  a  minute  to  a  16- foot  windmill.  It  is  stated  that  the 
water  is  of  excellent  quality.  Four  miles  to  the  southeast,  on  the 
Moaty  ranch,  is  a  300- foot  well  with  100  feet  of  water,  and  5  miles  to 
the  south,  on  the  Lane  ranch,  a  250- foot  well  has  50  feet  of  water. 
Within  3  or  4  miles  of  the  Hoppe  ranch,  however,  there  are  four  dry 
holes  300  to  400  feet  deep. 
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Underground  waters  have  been  extensiTely  developed  bj  wells 
about  Came  and  in  (Jie  region  extending  southward  down  the  Mim- 
bres  Valley.  In  part  of  the  area  the  volume  of  water  is  large  and 
it  is  being  utilized  for  irrigation.  The  following  list  gives  most  of 
the  facts  obtained  regarding  the  wells : 

Weill  in  Came  region. 


D-pth.  IX;?  R.p»t«lyWl.   "^""^SSIS^-^- 


Socio,  BE.tBE.l.. 


PC  IS,  NW.  1 NW.  1 

IC.19,NW,1 

c.  21, 8W.  f  BW,  1 

e.M,KW,lNE.i 


8te.4, 
Sn-O, 
6M.8, 


Bee  S,  NW.  i  NW.  J 


SM.13,SE.iSE. 


,8EJ.... 


is-31,  «e-Ti,  n-t&. 

3»-I3,  U-<T,  TT-W. 

sa-w,  »4S,  «-n,  77-101. 

33-38, 33-38,  <B-T1, 7S-n,  R 
«-S3,B3-M,1«-81,B3-8t. 


4g~E4^««-70,  tS-m,  Bt-lW. 


17-134  (Orrt 
triudmlll. 


4S-S8,  K-T3,  S3-97, 103-132. 
7B-T8, 8a-»,  ilO-i«,  m-lM. 
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WILLS. 

T,  6S  S^  R.  7  TF. — ^There  are  several  wells  about  Came  which 
obtain  excellent  supplies  of  water  for  domestic  use  or  irrigation.  On 
the  Glasser  ranch,  in  the  SW.  \  sec.  30,  there  are  two  wells  yielding  a 
large  amount  of  water  for  irrigation.  One  is  111  feet  deep  and  the 
other  40  feet  deep,  with  water  22  feet  below  the  surface.  The  deeper 
of  these  wells  penetrated  the  following  materials : 

Record  of  ioeU  in  the  8W,  I  sec,  SO,  T,  2S  fir.,  R,  7  W. 

Feet 

Clay,  etc . 0-22 

Grave] 22-24i 

Clay 24i-29 

Gravel 29-34i 

Sand  (packed) 341-40 

Clay 40-50 

Sand 50-55 

Clay 55-63 

Sandrock 63-65 

Quicksand 65-66 

Gravel  and  sand,  water 66-72 

Clay 72-75 

Very  coarse  gravel 75-76 

Gravel,  water 76-79 

Soft  sandrock 7»-lll 

A  147- foot  well  in  the  NW.  i  sec.  19  found  the  water  70  feet  below 
the  surface.  This  well  penetrated  29  feet  of  water-bearing  sands,  but 
the  third  stratum,  from  130  to  147  feet,  contained  the  main  water 
supply. 

At  the  Connor  well,  in  the  SW.  i  sec.  21,  1^  miles  northwest  of 
Came,  the  main  water  supply  is  in  18  feet  of  sand  and  gravel  at  177 
to  195  feet,  and  it  rises  within  about  70  feet  of  the  surface.  The  well 
consists  of  a  pit  5  feet  in  diameter  and  74  feet  deep,  a  30-inch  hole  18 
feet  deep,  with  screen  casing,  and  18  and  12  inch  casing  with  screens 
to  the  bottom.  Sand  and  gravel  were  the  principal  materials  pene- 
trated. At  a  depth  of  87  feet  there  was  a  2-foot  layer  of  rock,  and  at 
117  feet  a  l^-f oot  layer.  Below  the  lower  layer  was  60  feet  of  tightly 
packed  sand  and  clay.  The  first  water  was  found  at  74  feet,  the  sec- 
ond water  appeared  at  90  feet  and  rose  2  feet  higher  than  the  first, 
and  there  was  a  rise  of  an  additional  18  inches  in  the  third  water,  at 
119  feet. 

A  294-foot  well  recently  completed  at  the  Hayes  ranch,  in  the 
northwest  comer  of  sec.  12,  throws  important  light  on  the  under- 
ground-water conditions  of  that  region.  The  water  rises  within 
55J  feet  of  the  surface  in  the  well,  although  in  the  pit  it  is  Q^ 
feet  below.  The  first  water  was  found  at  102  feet;  the  second  at 
149  feet,  rising  to  100  feet  below  the  surface ;  the  third  at  169  feet. 
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rising  to  100  feet;  the  fourth  at  176  feet,  rising  to  100  feet;  and  the 
fifth  at  188  feet,  rising  to  88  feet.  This  water  is  all  in  quicksand 
and  is  in  moderate  volume.  At  212  feet  water  was  forced  up  around 
the  casing  and  stood  within  76  feet  of  the  surface  in  the  pit.  Water 
rose  to  70  feet  from  water-bearing  materials  at  230  to  253  feet  and 
to  66  feet  from  sand  at  258  to  268  feet.  At  280  to  284  feet  there 
were  two  beds  of  sand  and  gravel,  and  this  material  also  extended 
from  285  to  293  feet  The  pit  in  which  the  casing  is  sunk  is  90 
feet  deep,  the  last  6  feet  in  gravel.  It  is  believed  that  this  well 
contains  a  large  volume  of  water,  but  the  amount  has  not  yet  been 
tested. 

A  well  in  the  NW.  i  NE.  i  sec.  22,  2  miles  northeast  of  Came, 
has  tested  the  beds  to  a  depth  of  150  feet  and  found  water  which 
comes  within  80  feet  of  the  surface,  but  the  volume  is  stated  to  be 
very  small. 

One  of  the  wells  of  the  Mimbres  Valley  Farms  Co.,  in  the  NW.  J 
sec.  34,  throws  light  on  the  conditions  southeast  of  Came.  It  found 
a  large  supply  of  water.  The  following  record  was  supplied  by  the 
company : 

Partial  record  of  well  in  the  NE.  i  sec,  34,  T,  2S  8.,  R,  7  TV. 

Feet 

Sand 51-53 

Crumbly  clay 53-57 

Rock 57-60 

Clay eO-63 

Sand 63-64 

Clay  and  bowlders 64-73 

Clay 73-78 

Sand  and  gravel 78-51 

Rock 81-83 

Sand 83  84 

Rock  and  clay 84-00 

Pack   sand 90-04 

Rock 94-96 

Clay - 96-98 

T.  2^  /S.,  Ra.  6  and  7  W. — ^There  are  several  wells  along  the  Mimbres 
bottom  lands  south  of  Came  which  yield  supplies  of  excellent  water 
in  volume  suflBcient  for  extensive  irrigation.  The  depths,  however, 
are  somewhat  greater  than  in  the  tier  of  townships  next  west,  for 
apparently  part  of  the  Mimbres  underflow  is  dammed  off  by  an 
underground  ridge  extending  northward  from  the  Little  Florida 
Mountains  toward  and  possibly  connecting  underground  with  Cooks 
Range.  A  series  of  test  wells  recently  sunk  by  the  Mimbres  Valley 
Farms  Co.  in  the  central  northern  and  northeastern  portions  of 
T.  24  S.,  R.  7  W.,  have  found  thick  deposits  of  water-bearing  beds, 
and  most  of  them  have  jdelded  volumes  reported  as  1,000  to  1,800 
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gallons  a  minute.  The  water  rises  within  44  to  50  feet  of  the  surface 
in  the  greater  part  of  the  area.  The  following  records  of  the  wells 
have  been  furnished  by  the  company : 

Partial  record  of  loeU  in  the  NW.  i  sec.  i,  T.  24  8.,  R.  7  W. 

Feet. 

Sand  and  gravel,  water  bearing 48-54 

Clay 54-65 

Rock 65-66 

Sand  and  gravel,  water  bearing 66-70 

Rock 70-71 

Clay  and  sand 71-75 

Sand  and  gravel,  water  bearing 75-80 

CaUche 80-82 

Sand  and  gravel,  water  bearing 82-86 

Rock 86-87 

Sand,  water  bearing 87-81 

Rock 91-«2 

Sand  and  gravel,  water  bearing 92-106 

Rock 106-107 

Sand  and  clay,  water  bearing 107-112 

Sand  and  gravel,  water  bearing 112-140 

Partial  record  of  well  in  the  NW.  i  sec,  11,  T.  24  8,,  R,  7  W. 

Feet. 

Sand,  water  bearing 46-73 

Clay 73-77 

Sand,  water  bearing 77-85 

Limerock 85-87 

Sand  and  gravel,  water  bearing 87-03 

Stone 93-95 

Clay  and  water-bearing  sand 95-110 

Stiff  clay 110-113 

Sand  and  gravel,  water  bearing 113-123 

Clay 123-156 

Partial  record  of  well  in  the  NE.  i  sec,  11,  T,  24  8.,  R.  7  W. 

Feet. 

Limy  material 47-49 

Sand,  water  bearing 49-64 

Rock 64-75 

Sand  and  gravel,  water  bearing 75-82 

Stiff  clay 82-93 

Sand  and  gravel,  water  bearing 93-99 

.     Sandy  clay 99-123 

Sand  and  gravel,  water  bearing 123-130 

Record  of  weU  In  the  NW.  \  sec,  12,  T,  24  8,,  R.  7  W. 

Feet 

Soil 0-30 

Sand  and  gravel 30-48 

Sand  and  gravel,  water  bearing 48-58 

OaUche 58-55 
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Feet 

Pack  sand,  water  bearing 55-57 

Rock  57-60 

Sand,  water  bearing 60-64 

Bowlders  and  clay 64-73 

Sand  and  stone 73-74 

Sand  and  gravel,  water  bearing 74-79 

Sandstone 79-Sl 

Sand  and  gravel,  water  bearing 81-87 

Limerock 87-00 

Clay 90-94 

Gravel,  water  bearing 94-99 

Clay 9ft-101 

Rock  and  sand 101-106 

Partial  record  of  well  in  the  NE.  i  «ec.  12,  T,  24  8,,  R.  7  W. 

Feet. 

Clay  and  water-bearing  sand 4^-^56 

Sand,  water  bearing 56-58 

Bowlders  and  clay 58-66 

Sand  and  gravel,  water  bearing 66-68 

Caliche 68-70 

Sand  and  gravel,  water  bearing 70-78 

Silt 78-83 

Sand  and  gravel,  water  bearing 90-91 

Rock 91-94 

Sand  and  gravel,  water  bearing 94-101 

Sand,  water  bearing 101-107 

Joint  clay 107-121 

Sand  and  Joint  clay,  water  bearing 121-128 

Partial  record  of  well  in  the  SW.  i  «cc.  i2,  T,  24  fif.,  R.  7  W. 

Feet. 

Rock 47-48 

Sand  and  gravel,  water  bearing 48-^ 

Compact  sand,  some  water 58-61 

Rock 66-68 

Sand  and  gravel,  water  bearing 68-73 

Rock 73-83 

Sand  and  gravel,  water  bearing 83-93 

Sand  and  stone 93-94 

Sand  and  stone,  water  bearing 94-97 

Caliche 97-98 

Sand  and  clay 98-100 

Sand  and  gravel,  water  bearing 102-122 

Partial  record  of  well  in  the  NW.  i  sec,  13,  T.  24  fif.,  R.  7  W. 

Feet. 

Clay 48-m 

Caliche 60-«2 

Clay 62-66 

Sand,  water  bearing 66-67 

Rock 67-71 

Sand,  water  bearing 71-73 

Rock 73-74 
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Peet 

Sand  and  clay,  water  bearing 74-81 

Sand  and  rock 81-84 

Sand  and  gravel,  water  bearing 84-90 

Rock 90-91 

Sand  and  gravel 91-99 

Clay 9^102 

Sandstone 102-103 

Sand  and  gravel,  water  bearing 108-122 

Partial  record  of  well  on  center  of  north  line  of  the  8W.  i  sec,  26,  T,  24  8., 

R,  7  W. 

Feet. 

Rock 75-76 

Sand  and  gravel,  water  bearing 76-78 

Rock 78-82 

CJlay 82-85 

Rock 8^-86 

Sand,  water  bearing 86-99 

Clay 99-102 

Rock 102-105 

aay 105-107 

Rock  107-110 

Sand  and  clay,  water  bearing 110-114 

Rock 114-115 

Sand  and  clay,  water  bearing 115-119 

Limy  layer  and  clay 119-121 

Sand,  water  bearing 121-130 

Rock 130U131 

Sand,  water  bearing 130-144 

Joint  clay 144-160 

At  the  Sadler  ranch,  in  the  NE.  J  NE.  J  sec.  15,  and  at  the  Kelly 
ranch,  in  the  N.  i  SE.  J  sec.  4,  T.  24  S.,  R.  7  W.,  the  water  is  about 
50  feet  below  the  surface.  At  the  Taber  ranch,  in  the  SW.  i  SE.  J 
sec.  4,  T.  24  S.,  R.  7  W.,  a  124-foot  well  has  water  within  47  feet  of 
the  surface.  A  good  supply  was  found  at  72  feet,  but  the  water 
at  117  to  124  feet  rose  3  feet  higher.  In  the  80-foot  well  at  the  Kim- 
ball ranch,  in  the  NE.  J  sec.  4,  T.  24  S.,  R.  7  W.,  the  first  water  was 
found  at  46  feet  and  the  second  water  at  60  feet,  rising  to  the  level 
of  the  first.  In  a  well  in  the  north-central  part  of  T.  24  S.,  R.  6  W., 
water  was  found  80  feet  below  the  surface,  and  at  a  point  about  4 
miles  south  of  that  place  the  depth  was  120  feet.  A  boring  in  the  SE.  J 
sec.  7  in  this  township  reached  a  depth  of  200  feet  without  finding 
any  water-bearing  beds.  In  the  southern  part  of  T.  24  S.,  R.  7  W., 
the  water  conditions  are  less  satisfactory,  owing  to  small  supply, 
the  presence  of  quicksand,  and  considerable  mineral  matter  in  solu- 
tion. One  of  the  Birchfield  wells,  in  the  NW.  J  sec.  36,  is  75  feet 
deep  and  has  a  good  volume  of  water  rising  within  71  feet  of  the 
surface,  but  the  quality  is  not  entirely  satisfactory. 
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T,  83  S.J  R.  6  W. — ^A  few  wells  sunk  north  and  west  of  Myndus 
siding  have  found  the  water  at  about  the  same  depth  as  in  the 
region  northeast  of  Came,  but  the  volume  is  less.  A  92-foot  well, 
at  the  Liljegren  ranch,  in  sec.  30,  all  in  hard  clays,  contained  only 
2  feet  of  water  and  yielded  about  3  gallons  a  minute.  An  80-foot 
well  in  the  southeast  comer  of  sec.  22  contains  5  feet  of  water,  and 
though  its  capacity  had  not  been  ascertained  at  the  time  of  tiie  inves- 
tigation it  appeared  not  to  be  great.  A  test  boring  in  the  NW.  \ 
SW.  \  sec.  27  found  a  good  volume  at  a  depth  of  275  feet.  The  water 
rises  within  80  feet  of  the  surface,  but  pumping  at  the  rate  of  250 
gallons  a  minute  lowers  it  to  250  feet. 

LOWEB  XZMBBES  VALLBT. 

In  the  wide  bolson  east  and  southeast  of  the  Florida  Mountains 
the  conditions  for  underground  water  supply  appear  to  be  unfavor- 
able at  most  localities.  Many  test  holes  have  been  sunk  to  depths  of 
100  to  375  feet,  and  most  of  them  have  found  quicksand  yielding 
little  or  no  water  or  water  of  saline  character.  The  district  is  a 
basin  into  which  Mimbres  River  spreads  out  as  a  lake  in  times  of 
exceptional  freshets,  and  here  while  evaporating  the  water  deposits 
fine  sediments.  Evidently  this  condition  has  continued  for  a  long 
time,  as  most  of  the  materials  pierced  in  boring  are  fine  grained  and 
contain  saline  compounds  resulting  from  evaporation. 

Several  wells  have  been  bored  to  various  depth  at  the  Birchfield 
home  ranch,  in  the  northeastern  part  of  T.  25  S.,  R.  7  W.  The  old 
well,  92  feet  deep,  has  water  within  80  feet  of  the  surface,  which  it  is 
stated  can  be  pumped  at  a  rate  of  650  gallons  a  minute  with  a  draw- 
down of  only  3  feet.  The  water  contains  much  mineral  matter,  as 
shown  in  the  analysis  on  page  125,  but  has  been  used  satisfactorily 
by  stock  for  many  years.  Another  well  recently  bored  to  a  depth 
of  160  feet  obtains  water  of  much  better  quality  rising  within  72 
feet  of  the  surface. 

The  next  well,  5  miles  down  the  valley,  yields  a  moderate  supply 
of  fairly  good  water.  Test  wells  east  of  this  place  found  only  salty 
water;  others  375  and  275  feet  deep,  to  the  southwest,  obtained  no 
water  or  only  a  small  amount  in  quicksand. 

A  well  at  one  of  the  Birchfield  ranches  in  the  southeastern  part 
of  T.  26  S.,  R.  6  W.,  is  135  feet  deep  and  obtains  only  a  small  volume 
of  water,  which  is  stated  to  be  so  strongly  mineralized  ^^  that  cattle 
have  to  be  very  thirsty  to  drink  it." 

VOETH-OEHTBAL  TOWNSHIPS. 

In  T.  22  S.,  R.  8  W.,  the  bolson  deposits  occupy  wide,  shallow  val- 
leys and  probably  have  a  very  irregular  configuration  underground. 
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A  few  wells  have  been  sunk,  some  of  them  successful  and  others  not. 
The  most  notable  well  is  one  in  the  southwestern  part  of  the  town- 
ship which  afforded  the  supply  for  the  camp  at  the  Fluor  mine  and 
appeared  to  contain  a  large  amount  of  water.  The  depth  is  220 
feet  and  the  water  rises  within  80  feet  of  the  surface.  It  is 
pumped  by  a  windmill.  The  well  at  the  Wilson  ranch,  3  miles 
northeast  of  the  Fluor  mine,  is  43  feet  deep  and,  although  it  affords 
sufficient  water  for  cattle  and  stock,  it  pumps  down  with  a  long  run 
of  the  windmill.  There  is  an  old  well  in  the  arroyo  2  miles  north- 
east of  the  Fluor  mine,  but  the  yield  was  too  small  to  be  of  much 
service. 

V0RTHXA8TEBV  TOWNSHIPS. 

Three  borings  have  been  made  in  the  western  part  of  T.  21  S., 
R.  6  W.  One  at  the  Phillips  ranch,  in  the  northwest  comer  of  the 
NE.  J  sec.  30,  is  196  feet  deep  and  yields  to  windmill  pumping  from 
20  to  30  gallons  a  minute.  Water  began  at  a  depth  of  166  feet  and 
the  supply  gradually  increased  to  Ihe  bottom  of  the  boring.  An- 
other well,  3  miles  due  south  of  this  one,  is  280  feet  deep  and  yields 
a  satisfactory  supply  for  stock  watering.  Water  began  in  this  well 
at  a  depth  of  266  feet.  A  340^-foot  boring  in  the  southeast  comer 
of  sec.  32,  2  miles  southeast  of  the  Phillips  ranch,  obtained  no  water. 

A  well  sunk  in  1913  in  the  SW.  i  SE.  J  sec.  29,  T.  22  S.,  R.  7  W., 
about  5  miles  south  of  Florida,  is  170  feet  deep,  the  last  10  feet  in 
water-bearing  sand.  No  statement  can  be  given  as  to  the  amoimt 
of  water  available  or  the  height  to  which  it  rises. 

A  well  in  the  northwest  comer  of  sec.  6,  T.  21  S.,  R.  6  W.,  is  near 
the  railroad  and  about  midway  between  Florida  and  Nutt  stations. 
It  is  310  feet  deep,  and  the  water,  which  began  at  300  feet,  rises 
within  270  feet  of  the  surface.  This  water  is  said  to  be  slightly 
tepid. 

In  the  valley  east  of  the  Goodsight  Mountains  the  water  supply 
has  been  tested  by  several  wells  with  satisfactory  results.  Three  of 
them  are  a  short  distance  south  of  the  railroad,  about  6  miles  south- 
east of  Nutt.  They  range  from  80  to  100  feet  in  depth  and  are 
pumped  by  windmills  to  supply  water  for  cattle.  Farther  south 
along  the  valley,  at  a  point  nearly  due  east  of  Goodsight  Peak,  is  a 
110-foot  well  belonging  to  Ed  Price,  which  appears  to  have  an  ample 
supply.  At  the  ranch  of  Tom  Hall,  in  the  NE.  i  sec.  3,  T.  22  S., 
R.  5  W.,  there  are  two  wells  225  feet  deep  in  which  water  rises  within 
160  feet  of  the  surface.  Water  began  at  158  feet,  but  the  volume  was 
small  untU  the  well  reached  a  depth  of  200  feet,  where  coarser  gravel 
was  entered.  One  well  is  pumped  with  a  5-horsepower  pump,  which 
does  not  lower  the  water  level  noticeably.  The  water  is  used  to  irri- 
gate gardens  and  supply  a  large  herd  of  cattle.    The  water-bearing 
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beds  appeal'  to  extend  along  the  middle  of  this  valley  and  to  lie  nearly 
horizontal,  the  increased  depth  to  the  south  being  due  to  the  rise  of 
the  land.  On  the  slopes  farther  east  several  borings  from  300  to 
600  feet  deep  failed  to  obtain  water.  To  the  west  are  rocky  slopes 
of  basalt  that  probably  do  not  contain  any  water  supplies.  At  Cam- 
bray  the  railroad  company  has  a  large  dug  well  269  feet  deep,  in 
which  the  water  is  180  feet  below  the  surface.  Its  capacity  is  about 
150,000  gallons  a  day.    The  quality  is  fair.    (See  analysis,  p.  125.) 

SOirrEEABTEBV  T0WK8HZP8. 

Little  is  known  as  to  the  water  conditions  in  the  southern  part  of 
Luna  County  east  of  longitude  107**  80'.  Most  of  the  area  is  under- 
lain by  sand  and  gravel  containing  some  water,  but  the  amount  ap- 
pears not  to  be  large.  Several  wells  on  the  Birchfield  ranches,  one 
just  east  of  Arena  and  the  other  6  miles  northeast  of  Arena,  obtain 
small  supplies,  but  the  depth  of  the  wells  and  the  water  surface  could 
not  be  learned.  The  railroad  company  has  recently  made  a  boring 
504  feet  deep  at  Arena  and  found  no  water  below  the  main  flow  at 
299  feet,  which  rose  within  66  feet  of  the  surface.  The  volume  was 
found  to  be  at  least  100  gallons  a  minute,  but  the  water  was  imsuited 
for  locomotive  use,  and  the  well  is  not  in  service.  (See  analysis,  p. 
125.)  There  are  old  wells  supplying  windmills  in  the  north-central 
part  of  T.  27  S.,  B.  6  W.,  the  eastern  part  of  the  next  township  to 
the  north,  and  5  or  6  miles  west  of  Birchfield,  but  their  depths  and 
water  levels  could  not  be  ascertained.    They  afford  water  for  stock. 

A  72-foot  well  in  sec.  24,  T.  28  S.,  E.  6  W.,  obtained  only  a  small 
supply  of  salty  water,  and  the  Merrifield  well,  3  miles  southeast,  400 
feet  deep,  had  a  similar  result. 

WEST-CENTRAL  T0WKBHIP8. 

At  Gage  station  the  railroad  company  has  two  wells,  one  330  feet 
deep  with  7-inch  casing  and  the  other  340  feet  deep  with  10-inch 
casing.  The  water  rises  within  226  feet  of  the  surface  but  is  pumped 
from  a  depth  of  265  feet.  The  capacity  of  each  well  is  30,000  gallons 
in  a  day  of  24  hours.  An  analysis  of  the  water  is  given  on  page  125. 
A  mile  and  a  half  farther  north  are  two  windmills  drawing  from 
wells  300  feet  deep  in  which  the  water  rises  within  270  feet  of  the 
surface.  Their  capabilities  are  not  known.  At  Van  Meter's  ranch,  8 
miles  north  of  Gage,  there  is  a  380- foot  well  in  which  the  water  level 
is  310  feet  below  the  surface.  Originally  the  level  was  higher,  at 
about  304  feet,  but  it  has  gradually  been  pumped  down.  A  wind- 
mill is  used  to  supply  the  water  for  stock  and  domestic  service. 
Four  miles  west  of  Van  Meter's  a  boring  381  feet  deep  failed  to 
obtain  water.    The  bolsons  in  this  region  are  underlain  by  a  thick 
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deposit  of  clay  with  many  layers  of  sand  and  gravel,  but  the  water 
level  is  low  and  the  supply  meager.  Possibly  deeper  wells  might 
develop  additional  amounts  of  water.  The  191-foot  well  at  the  Jor- 
dan ranch  in  the  SW.  J  sec.  18,  T.  25  S.,  R.  11  W.,  has  water  within 
38  feet  of  the  surface  and  its  capacity  is  estimated  at  400  gallons  or 
more.  It  is  in  the  arroyo.  At  the  Todhunter  ranch,  in  the  SW.  J 
NW.  i  sec.  11,  T.  24  S.,  R.  12  W.,  there  is  a  well  100  feet  deep  sup- 
plying sufficient  water  for  stock.  It  entered  the  water-bearing  sand  at 
75  feet,  and  the  water  rises  within  75  feet  of  the  surface.  At  a  ranch 
in  the  SW.  i  NW.  i  sec.  12,  T.  25  S.,  R.  13  W.,  or  nearly  6  miles  far- 
ther west,  there  is  a  well  150  feet  deep  with  the*  water  level  about  100 
feet  below  the  surface.  It  yields  about  15  gallons  a  minute  when 
pumped  by  windmill.  The  water  is  used  for  stock.  A  220-foot  bor- 
ing made  in  the  shallow,  dry  lake  basin  just  north  of  the  mount  of 
rhyolite,  halfway  between  these  two  ranches,  obtained  no  water. 
This  boring  probably  indicates  that  there  are  no  water  supplies  in  the 
slopes  south  of  the  Victorio  Mountains.  A  103- foot  well  in  the  W.  i 
sec.  26,  T.  24  S.,  R.  12  W.,  and  a  116-foot  well  2  miles  northeast  of 
that  place  failed  to  obtain  water,  but  they  were  not  sufficiently  deep 
to  reach  beds  in  which  water  is  to  be  expected.  There  is  a  well  just 
east  of  Gray  Butte  and  another  one  up  the  main  draw  4  miles  to  the 
northwest,  but  no  facts  are  available  as  to  their  depth  or  yield. 

SOUTKWEBTEBN  TOWNSHIPS. 

In  the  wide  basin  lying  between  the  Cedar  Grove  Mountains  and 
the  Sierra  Rica  there  is  a  thick  mass  of  bolson  deposits  which  contain 
more  or  less  water.  All  the  tests  made  indicate  that  the  water  is  far 
below  the  surface.  In  a  well  a  mile  south  of  Victorio  station  it 
was  necessary  to  sink  430  feet,  and  the  supply  at  that  depth  is  not 
great.  Six  miles  farther  southeast,  near  the  international  boundary, 
is  a  well  820  feet  deep,  which  yields  a  satisfactory  supply  of  water 
for  stock.  At  the  Williams  ranch,  at  the  foot  of  the  Cedar  Grove 
Mountains,  there  is  a  shallow  well  which  yields  a  fair  amount  of  ex- 
cellent water,  probably  from  agglomerate.  North  of  the  Cedar  Grove 
Mountains  the  water  conditions  vary  greatly.  At  the  Cox  ranch 
a  165-foot  well  in  the  rock  has  water  at  a  depth  of  135  feet,  and  the 
supply  is  about  8  gallons  a  minute.  At  the  Klondike  ranch,  near  the 
center  of  T.  26  S.,  R.  12  W.,  it  was  necessary  to  sink  410  feet  to 
obtain  a  very  moderate  supply  of  water,  which  rises  within  375  to  380 
feet  of  the  surface.  It  is  pumped  by  a  windmill,  but  when  this  raises 
more  than  9  gallons  a  minute  the  water  level  drops  rapidly.  In  the 
arroyo  2J  miles  west-northwest  of  this  ranch  there  is  a  well  50  feet 
deep  in  which  water  rises  within  40  feet  of  the  surface,  and  the 
volume  is  sufficient  for  stock.    Farther  up  this  valley,  at  a  point  just 
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soiitli  of  the  Klondike  Ilitls.  n  shallow  well  obtained  water,  b 
siipi)I,v  wDs  inadequate.  At  the  Bisl>ee  watering  place,  in  the 
east  corner  of  T.  2IJ  S.,  K.  11  W.,  the  wells  are  125  feet  deep 
water  witliin  !>0  fef-t  of  the  surface,  and  yield  60  gallons  a  mil 
windmill.s.  An  unsuccessful  attempt  was  made  to  develop  a 
supply  2  null's  west  of  Tomcrlin  by  sinking  a  shaft  200  fei 
drifting  liitcrnlly. 

spALonra  keoiov. 

There  appears  to  he  a  large  supply  of  water  in  the  underflow 
the  Minihi-es  and  for  some  distance  on  both  sides  in  the  region 
Spalding.  At  Spalding  the  water  level  is  about  30  feet  belc 
surface,  and  a  large  supply  of  excellent  water  is  available.  . 
Jacobsen  ranch,  in  the  center  of  the  SE.  J  sec,  13,  T.  21  S.,  B. 
there  is  a  large  dug  well  70  feet  deep,  which  is  extensively  pi 
for  irrigation.  I'he  fir.st  water  occurs  at  42  feet,  and  a  test  1 
continued  to  1~0  feet  found  the  water-bearing  gravel  to  be  abo 
feet  thii-k.  The  water  rises  within  38  feet  of  the  surface,  but  il 
to  70  feet  when  the  pump  is  yielding  800  gallons  a  minute,  wl 
]>robably  near  the  limit  of  the  capacity  of  the  well.  A  stoc 
with  a  windmill  3  miles  northeast  of  Jacobsen's  has  the  wata 
80  feet  below  the  surface,  and  another  in  the  southeast  con 
s<>c.  iK  a  mile  to  the  southeast,  is  116  feet  deep  and  has  wat 
feet  U'low  the  siirfiicc.  A  well  in  the  SW.  J  sec.  6,  T.  22  S.,  B. 
is  ''-"'  feet  deep  with  water  Tu  feet  below  the  surface,  and  ai 
half  a  mile  to  the  northwest  in  the  S.  *  XE.  i  sec.  1,  T.  22  S^ 
W'..  is  ."lO  feet  deep  and  has  water  within  46  feet  of  the  surface, 
appear  to  be  (■ai)able  of  yielding  good  supplies.  A  teat  pit  M 
the  i-enter  of  sec.  Ifl,  T.  20  S.,  K.  10  W.,  a  mile  north  of  WnA 
l>  f.-ct  in  .liu 
is  in  gnucl  a 
add  was  teste' 

Several  wel 
less  thiin  r.O 
within  :W  foe 
water  witliin 
of  the  station 

An  old  wel! 
of  Spalding, 
face,  and  is  ! 
minute. 

At  several 
with  the  hope 
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gobM.  The  results,  however,  have  thrown  interesting  light  on  the 
deeper  underground  conditions.  The  available  data  from  them  are 
18  follows : 

The  most  important  test  of  the  deeper  underground  water  in  Luna 
Coanty  was  made  in  1907  at  a  point  2,000  feet  south  by  east  of  the 
oenter  of  sec.  20,  T.  24  S.,  B.  8  W.,  6  miles  southeast  of  Deming. 
The  town  of  Deming  contributed  $4,000  toward  its  cost.  The  total 
depth  was  1,665  feet,  and  a  12-inch  casing  was  put  down  for  1,200 
hfL  Water  at  520  feet  rose  within  17  feet  of  the  surface,  and  when 
boring  was  finished  a  25-horsepower  pump  rasing  800  gallons  a 
fflinute  did  not  lower  the  level  greatly.  Very  little  water  was  found 
bdow  520  feet,  and  there  were  many  thick  bodies  of  reddish  clay  all 
the  way  down. 

The  Burdick  well,  in  the  SE.  i  SW.  i  sec.  29,  T.  23  S.,  R.  8  W., 
t^  miles  east  of  Deming,  was  sunk  to  a  depth  of  710  feet  to  test  for 
trtedan  water.  It  is  reported  that  a  flow  was  found  which  lasted  for 
a  short  time,  and  the  water  level  is  now  24  feet  below  the  surface. 
No  record  of  the  boring  was  obtained,  but  it  is  said  that  there  wei'e 
many  beds  of  sand,  some  with  considerable  water  but  others  contain- 
ing very  little.  In  1887  Mr.  Burdick  had  a  well  sunk  to  a  depth  of 
WO  feet  in  the  western  part  of  Deming,  but  the  result  was  imsatisf  ac- 
tory  as  no  flow  was  obtained.  The  boring  began  with  an  8-inch  pipe 
and  ended  with  a  6-inch  pipe.  According  to  a  report  of  the  driller, 
F.  E.  Hickox,  "bedrock*'  was  entered  at  963  feet.  Water  was 
found  at  60  feet  and  then  at  intervals  of  20  to  40  feet  for  a  consider- 
able depth.  At  773  feet  it  rose  within  28  feet  of  the  surface ;  at  836 
feet,  within  21  feet;  at  886  feet,  within  19  feet;  and  from  912  to 
MO  feet,  within  9  feet  of  the  surface,  where  it  continued  for  a  year, 
after  which  it  dropped  to  16^  feet.^  The  materials  penetrated  were 
day,  sand,  "  cement,*'  and  gravel  in  beds  5  to  18  feet  thick.  Several 
years  ago  a  deep  well  was  sunk  at  Lenark,  on  the  Southern  Pacific 
Bailroad,  about  80  miles  east  of  Deming.  It  reached  a  depth  of  950 
feet,  passing  through  the  beds  given  on  page  51.  The  water  rises 
within  384  feet  of  the  surface  and  is  pumped  at  the  rate  of  35  gal- 
kosa  minute. 

At  the  Taylor  ranch  in  the  S.  i  sec.  6,  T.  25  S.,  R.  9  W.,  IJ  miles 
northeast  of  Hondale,  a  deep  boring  found  water  at  202  feet  and  then 
no  further  supply  except  a  very  slight  one  at  550  feet. 

At  the  Shay  ranch,  in  sec.  6  (or  7) ,  T.  28  S.,  R.  7  W.,  a  boring  was 
sank  to  a  depth  of  975  or  1,000  feet.  Water  was  found  at  intervals 
all  the  way  down  from  43  feet,  but  it  came  only  within  15  feet  of  the 
snrface. 

'B«port  OB  arteslui  wells:  Flfty-flrst  Cong.,  Ist  Bess.,  Senate  Ex.  Doc.  222,  p.  217, 
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A  well  398^  feet  deep  2  miles  north  of  Columbus  found  but  little 
increase  in  amount  or  head  of  the  water  below  160  feet,  but  the  rail- 
road well  at  Columbus  went  to  a  depth  of  330  feet  with  gradually 
increasing  supply.  At  Arena  the  railroad  company  has  recently 
sunk  to  a  depth  of  604  feet  in  the  hope  of  getting  water  for  locomo- 
tives. At  a  depth  of  299  feet  water  rose  within  66  feet  of  the  surface 
and  was  tested  at  100  gallons  a  minute,  but  the  quality  was 
unsatisfactory. 

IBBIGATION. 

IBRIGATION  BY  UNDERGROUND  WATER. 
OEKERAL  FEATXTBES. 

The  water  in  the  gravel  and  sand  under  the  deserts  of  Luna 
County  has  been  pumped  to  the  surface  and  used  for  irrigation  at 
many  ranches,  in  general  with  very  satisfactory  results  as  to  products 
and  cost.  The  wells  are  mainly  from  50  to  200  feet  deep,  and  the 
water  is  pumped  with  small  engines,  mostly  using  naphtha  for  fuel 
and  yielding  from  200  to  1,000  gallons  a  minute.  The  watet  is  in 
every  way  suitable  for  irrigation  and  its  temperature  averages  about 
65°  F.  Some  irrigated  fields  are  shown  in  Plates  XI  (p.  131)  and 
XIII.  Beyond  a  canvass  of  the  water  conditions  no  detailed  inves- 
tigation was  made  of  the  irrigation  plants  nor  of  their  products. 
However,  scattered  facts  were  obtained  as  to  some  features  of  rep- 
resentative irrigated  areas,  and  they  will  be  presented  in  the  following 
paragraphs. 

DEXINO  REOZON. 

There  are  many  irrigated  areas  about  Deming,  all  using  waters 
pumped  from  wells  mostly  from  40  to  200  feet  deep.  The  Himd 
farm,  in  the  northwest  comer  of  T.  24  S.,  R.  8  W.,  is  one  of  the  best- 
known  and  most  representative  irrigation  plants.  The  well  is  149^ 
feet  deep  and  the  water  level  is  44  feet  below  the  surface.  The  pump 
is  in  a  50- foot  pit  and  has  a  59-foot  lift.  It  is  run  by  a  35-horse- 
power  engine,  with  a  reported  yield  of  1,200  gallons  a  minute. 
(See  PI.  X,  ^,  p.  1?0.)  A  considerable  variety  of  crops  is  raised,  in- 
cluding 24  acres  of  beans,  which,  it  is  said,  netted  $2,000  in  1910. 

The  ShuU  well,  in  the  SW.  J  sec.  32,  T.  23  S.,  R.  8  W.,  is  3  miles 
east  by  south  of  Deming.  It  is  stated  to  be  the  first  large  well  in 
the  district.  The  depth  is  156  feet,  and  the  water  stands  within  24 
feet  of  the  surface.  It  is  reported  that  a  45-horsepower  gasoline 
engine  at  this  well  pumps  1,100  to  1,250  gallons  a  minute.  The 
water  is  used  for  irrigating  170  acres,  mainly  of  cane,  potatoes,  com, 
beans,  milo,  and  Kafir  corn. 
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The  Bowman  well,  in  the  NW.  J  sec.  12,  T.  24  S.,  R.  9  W.,  2  miles 
southeast  of  Deming,  is  only  52  feet  deep  but  can  furnish  350  gal- 
lons a  minute,  which  is  sufficient  for  about  20  acres.  It  is  equipped 
with  a  6-horsepower  engine  run  by  naphtha,  and  the  consumption 
of  that  fuel  is  stated  to  be  a  gallon  an  hour.  Eight  acres  are  under 
ditch,  comprising  cane,  Kafir  com,  melons,  pumpkins,  squash,  and 
alfalfa* 

At  the  Hicks  ranch,  in  the  northwest  comer  of  sec.  7,  T.  24  S., 
B.  8  W.,  3  miles  southeast  of  Deming,  there  is  a  notably  successful 
irrigation  plant.  The  water  is  obtained  from  a  stratum  46  to  100 
feet  deep  and  rises  within  35  feet  of  the  surface.  It  yields  1,200 
gallons  a  minute.    A  35-horsepower  gasoline  engine  is  used. 

The  Connaway  well,  in  the  NW.  J  sec.  13,  T.  24  S.,  R.  9  W.,  8  miles 
southeast  of  Deming,  was  expected  to  provide  water  for  the  irriga- 
tion of  many  acres,  but  it  is  reported  that  the  yield  was  only  300 
gallons  a  minute.  Its  depth  was  150  feet,  and  the  water  level  stood 
41  feet  below  the  surface. 

At  the  McBride  ranch,  near  the  center  of  sec.  12,  T.  24  S.,  B.'^  IW*, 
3  miles  southeast  of  Deming,  a  115-foot  well  furnishes  water  fof'frri- 
gating  25  to  30  acres.  The  water  rises  within  38  feet  of  the  surface, 
and  the  pumping  capacity  is  stated  to  be  about  1,500  gallons  a 
minute.  At  the  adjoining  ranch  of  Bradshaw  &  McBride  a  piunping 
capacity  of  about  1,250  gallons  is  reported,  with  the  water  level  40 
feet  below  the  surface.  The  area  under  cultivation  is  about  45  acres, 
mainly  in  beans,  alfalfa,  and  feed. 

At  the  Ernst  ranch,  in  the  SW.  J  sec.  9,  T.  24  S.,  R.  9  W.,  8  miles 
south-southwest  of  Deming,  a  115-foot  well  supplies  water  for  the 
irrigation  of  40  acres.  The  water  rises  within  52  feet  of  the  sur- 
face, and  the  yield  by  pumping  is  reported  to  be  1,000  gallons  a 
minute. 

At  the  Burdick  ranch,  in  sec.  29,  T.  23  S.,  R.  8  W.,  4^  miles  east  of 
Deming,  there  is  a  deep  well,  but  most  of  the  water  is  derived  from 
beds  at  moderate  depth,  with  the  water  level  24  feet  below  the  sur- 
face. The  water  is  pumped  with  a  36-horsepower  crude-oil  engine, 
stated  to  yield  600  to  800  gallons  a  minute,  and  is  used  for  irrigating 
25  to  30  acreSi  largely  in  potatoes  and  cane.  Water  from  the  1,665- 
foot  well  on  the  Burdick  place  6  miles  southeast  of  Deming  is  used 
for  irrigating  about  30  acres.  This  well  is  pumped  to  yield  about 
800  gallons  a  minute. 

At  the  Sanders  ranch,  in  the  northwest  comer  of  sec.  7,  T.  24  S., 
R.  9  W.,  4  miles  southeast  of  Deming,  wells  130  and  150  feet  deep 
are  reported  to  yield  600  gallons  a  minute.  The  water  is  used  for 
irrigating  35  acres  of  corn  and  an  extensive  garden.  The  water  level 
is  about  60  feet  below  the  surface.     Several  other  ranches  in  this 
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vicinity  irrigate  small  areas  from  wells  65  to  70  feet  deep.  In  sees. 
4,  5,  and  10,  T.  24  S.,  S.  9  W.,  1^  to  2  miles  southwest  and  southeast 
of  Deming,  wells  55  feet  deep  furnish  water  for  irrigating  areas  of 
5  to  10  acres. 

At  the  Solignac  ranch,  in  the  southeast  corner  of  sec.  2,  T.  24  S., 
R.  8  W.,  the  water  is  developed  by  a  trench  40  feet  long  and  10  feet 
deep,  scooped  into  the  first  water  stratum,  and  a  well  60  feet  deep 
from  which  water  flows  when  the  trench  is  heavily  pumped.  The 
water  is  used  for  irrigating  wild  hay.  Some  features  of  the  plant 
are  shown  in  Plate  XI,  ^  (p.  131).  It  is  situated  in  a  low  swale, 
where  the  water  level  is  only  4  feet  below  the  surface. 

At  the  Wilson  ranch,  three- fourths  of  a  mile  northwest  of  Luxor, 
an  87-foot  well  furnishes  water  to  irrigate  an  area  of  considerable 
extent.  A  2-inch  pump  with  a  7-horsepower  engine  working  all  day, 
with  an  output  stated  to  amount  to  about  200,000  gallons,  lowers  the 
water  only  a  few  feet.  Similar  irrigation  outfits  have  been  installed 
at  three  other  ranches  near  Luxor.  About  halfway  between  Luxor 
and  Came  is  the  Russell  ranch,  in  the  northwest  comer  of  sec.  25, 
T.  23  S.,  R.  8  W.,  where  about  12  acres  is  irrigated.  The  pump  is 
4  inches  in  diameter  and  the  engine  10  horsepower.  The  well  is  105 
feet  deep,  and  the  water  stands  about  12^  feet  below  the  surface. 
It  is  reported  that  pumping  1,500  gallons  a  minute  does  not  lower  the 
water  greatly. 

Wells  on  the  Glasser  ranch,  southwest  of  Came,  yield  large  vol- 
umes of  water  for  irrigation.-  Two  wells.  111  and  40  feet  deep,  are 
pumped  with  a  No.  6  pump  and  a  25-horsepower  engine  and  yield, 
it  is  said, '500  to  1,000  gallons  a  minute  without  much  reduction  of 
the  water  level. 

ROKDALE  KEQIOK. 

About  Hondale  and  southeast  of  that  place  there  are  several 
pumping  plants  which  are  irrigating  areas  of  greater  or  less  extent. 
On  the  ranch  of  J,  W.  Young,  in  the  northwest  comer  of  sec.  28, 
T.  24  S.,  R.  9  W.,  halfway  between  Hondale  and  Deming,  there  is  a 
203-foot  well  pumped  by  a  No.  5  pump,  run  by  electricity  brought 
from  Deming.  The  water  rises  within  55  feet  of  the  surface,  and  the 
capacity  is  stated  to  be  from  600  to  700  gallons  a  minute.  It  is  used 
to  irrigate  about  80  acres  of  diversified  crops.  At  the  Ramsey  ranch, 
a  mile  southeast  of  Young's,  alfalfa,  corn,  and  cane  are  irrigated 
by  well  water.  At  the  R.  L.  Taylor  ranch,  1^  miles  north  of  Hondale, 
a  200-foot  well,  with  a  pump  run  by  a  50-horsepower  engine,  has  a 
capacity  of  about  1,200  gallons  a  minute.  The  average  yield  is 
stated  to  be  800  gallons,  which  is  used  for  25  acres  of  l)eans,  potatoes, 
and  forage.    P.  L.  Rose,  IJ  miles  east  of  Hondale,  has  a  75-foot  well 
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which  pumps  70  gallons  a  minute.  An  area  of  7  acres  is  imder  ditch 
and  is  mostly  in  milo  maize.  At  the  Hines  ranch,  in  sec.  31,  T.  24  S., 
B.  9  W.,  3  miles  north  of  Hondale,  a  57-foot  well  furnishes  water 
for  4  acres  of  miscellaneous  crops. 

The  Stephenson  ranch,  in  the  NW.  i  sec.  1,  T.  26  S.,  R.  9  W.,  7 
miles  northeast  of  Hondale,  pumps  water  from  a  depth  of  52  feet, 
with  a  capacity  stated  to  be  about  250  gallons  a  minute.  A  24- 
horsepower  engine  is  used  and  is  reported  to  consume  53  gallons  of 
naphtha  in  a  36-hour  run.  An  area  of  about  17  acres  is  under  ditch, 
comprising  10  acres  of  beans,  2  acres  of  alfalfa,  and  3  acres  of  feed 
stuff,  garden  truck,  etc.  A  second  well,  70  feet  deep,  is  to  be  used  for 
supplying  an  additional  area.  The  Smith  ranch,  in  the  NW.  i  sec.  3, 
T.  26  S.,  R.  9  W.,  5  miles  southeast  of  Hondale,  has  about  10  acres 
of  miscellaneous  crops  under  irrigation.  The  well  is  161  feet  deep 
to  the  third  water-bearing  bed,  and  the  water  rises  within  42  feet 
of  the  surface.  The  present  pumping  capacity  is  reported  to  be 
from  300  to  500  gallons  a  minute.  At  the  next  ranch,  three- fourths 
of  a  mile  to  the  southeast,  a  well  116  feet  deep  furnishes  water  for 
22  acres  under  cultivation.  In  the  next  section  on  the  south  several 
acres  of  com  and  other  crops  are  irrigated  by  well  water. 

Several  ranches  7  miles  east-southeast  of  Hondale  have  irrigation 
plants  with  small  areas  of  flourishing  crops.  The  water  is  within  37 
feet  of  the  surface.  One  ranch  in  sec.  24,  T.  25  S.,  R.  9  W.,  has  2^ 
acres  of  garden. 

At  the  Hughes  ranch.  In  the  center  of  sec.  15,  T.  25  S.,  R.  10  W., 
an  area  of  25  acres  is  irrigated,  the  crops  comprising  cane,  maize, 
beans,  and  alfalfa.  The  well  is  160  feet  deep,  and  the  water  is 
within  15  feet  of  the  surface.  It  is  reported  that  a  No.  4  pump 
supplies  500  gallons  a  minute.  With  this  production  the  water  is 
lowered  only  5  feet  and  then  remains  constant.  The  25  acres  can 
be  irrigated  in  a  three-day  run  of  10  hours'  pumping  a  day.  This 
run  is  repeated  every  10  days  during  the  growing  season.  The 
engine  used  consumes  daily  20  to  25  gallons  of  crude  oil,  a  fuel  which 
costs  4^  cents  a  gallon  at  Deming. 

At  the  G.  Thompson  ranch,  in  the  NE.  i  sec.  24,  T.  26  S.,  R.  10 
W.,  80  acres  is  under  irrigation  from  a  150-foot  well,  which  has  a 
40-foot  lift  and  yields  1,000  gallons  a  minute. 

WATEBLOO  BEGIOV. 

There  are  several  irrigation  plants  near  Waterloo  which  give  satis- 
factory results.  The  land  is  a  smooth  plain  along  Palomas  Arroyo, 
and  the  water  rises  within  21  to  26  feet  of  the  surface.  The  volume 
of  water  is  large,  so  that  it  is  not  necessary  to  sink  the  wells  deeper 
than  25  to  30  feet.    Among  the  ranches  may  be  mentioned  that  of 
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Peters  &  White,  at  Waterloo,  on  which  40  acres  of  wheat,  oats,  millet, 
barley,  milo  maize,  and  sorghimi  are  under  cultivation,  together  with 
some  corn  and  garden  truck.  A  5-inch  horizontal  centrifugal  pump 
is  used  with  a  15-horsepower  engine,  consuming  about  a  gallon  of 
naphtha  an  hour,  and  the  reported  yield  is  600  gallons  a  minute. 
About  3i  hours  is  required  to  wet  an  acre  by  flooding  in  strips  IJ 
rods  wide  and  40  rods  long.  At  a  well  a  short  distance  to  the  north- 
east a  25-horsepower  engine  is  stated  to  pump  1,000  gallons  a  minute, 
which  irrigates  about  10  acres  a  day.  A  well  2^  miles  east  of  Water- 
loo is  pumped  from  21  feet  below  the  surface  by  an  8-horsepower 
engine  which  obtains  200  gallons  a  minute  and  in  a  10-hour  run  con- 
sumes 6  gallons  of  fuel.    This  plant  irrigates  about  30  acres. 

At  the  Snow  ranches,  in  the  NW.  i  sec.  7,  T.  27  S.,  R.  8  W., 
100  acres  is  under  irrigation  from  wells  40  and  34  feet  deep,  each 
yielding  about  1,000  gallons  a  minute.  At  the  White  ranch,  in  the 
next  section  east,  30  acres  is  irrigated  from  a  37- foot  well  yielding 
500  gallons  a  minute.  At  the  Manning  ranch,  in  sec.  1,  T.  27  S., 
R.  9  W.,  30  acres  is  irrigated  from  a  40-foot  well  yielding  1,000  gal- 
lons a  minute.  At  the  Laffoon  ranch,  near  Palomas  Arroyo,  5  miles 
southeast  of  Waterloo,  60  acres  is  irrigated  from  a  192-foot  well 
having  a  21-foot  lift  and  yielding  700  gallons  a  minute. 

At  the  J.  H.  Fowler  ranch,  in  the  NW.  J  sec.  12,  T.  26  S.,  R.  9 
W.,  40  acres  is  irrigated  from  a  40- foot  well  with  a  600-gallon  yield. 

ooLtncBTrs  beozon. 

At  the  Bailey  farm,  3  miles  southeast  of  Columbus,  water  is 
pumped  from  a  185-foot  well,  in  which  the  level  is  2  feet  below  the 
surface,  and  it  is  reported  that  2,000  gallons  a  minute  is  obtainable 
-with  the  No.  6  pump  used.  The  casing  is  8J  inches  in  diameter.  The 
ordinary  yield  of  the  well  is  said  to  be  1,200  to  1,500  gallons  a 
minute,  and  this  consumes  0.8  gallon  of  naphtha  an  hour.  About  100 
acres  is  under  cultivation,  the  crops  comprising  milo  maize,  wheat, 
oats,  and  alfalfa,  all  growing  most  luxuriantly. 

The  Pierce  farm,  three-fourths  of  a  mile  northeast  of  the  Bailey 
pump,  is  irrigated  from  a  well  250  feet  deep.  The  principal  supply, 
from  a  depth  of  225  to  250  feet,  rises  within  6  feet  of  the  surface. 
The  outflow  from  this  well  is  shown  in  Plate  XII,  B  (p.  140).  The 
jdeld  is  reported  to  be  about  1,000  gallons  a  minute,  with  a  No.  6 
pump  run  by  a  15-horsepower  engine.  It  is  stated  that  the  engine 
consumes  22  gallons  of  naphtha  every  10  hours,  and  this  fuel  has 
cost  13  cents  a  gallon  delivered  at  Cojumbus.  The  area  imder  culti- 
vation is  8  acres,  mainly  in  Kafir  corn,  milo  maize,  sweet  potatoes, 
and  alfalfa.  It  requires  about  12  hours'  pumping,  or  about  3  inches 
of  water,  to  wet  this  area  thoroughly. 
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C.  B.  Keenum,  2  miles  south  of  Columbus,  has  a  22-foot  Avell  with 
the  water  level  12  feet  below  the  surface.  A  No.  6  pump  with  a  20- 
horsepower  engine  is  reported  to  furnish  1^00  gallons  a  minute, 
which  is  used  to  irrigate  most  of  the  farm  of  160  acres.  The  crops 
are  alfalfa,  beans,  and  orchard  truits.  It  is  stated  that  15  gallons  of 
naphtha,  costing  11  cents  a  gallon,  suffices  for  a  10-hour  run. 

Some  other  irrigated  areas  near  Columbus  are  20  acres  on  the 
Waterbury  ranch;  10  acres  on  the  De  Rosear  ranch,  half  a  mile 
southeast  of  Columbus;  20  acres  at  the  Engendorf  ranch,  2  miles 
northeast  of  Columbus;  40  acres  at  the  Gibson  ranch,  in  the  NW.  i 
sec.  35,  T.  27  S.,  R.  8  W.,  from  a  well  40  feet  deep  yielding  750 
gallons  a  minute;  10  acres  at  the  Hunt  ranch,  in  the  southwest  cor- 
ner of  T.  27  S.,  R.  7  W. ;  and  20  acres  at  the  HoUock  ranch,  4  miles 
southeast  of  Columbus,  with  a  1,800-gallon  yield  from  a  246-foot 
well. 

DVTT  OF  WATEB. 

There  is  considerable  difference  in  the  soils  of  the  bolsons  of  Luna 
County,  as  they  yange  from  very  sandy  and  porous  loam  to  almost 
impervious  silt,  and  the  thickness  of  soil  and  character  of  the  sub- 
soil also  vary  widely.  As  the  land  lies  nearly  level  the  porosity  of 
the  soil  is  the  principal  factor  in  the  duty  of  the  water,  which  also 
varies  somewhat  with  the  crop,  amount  of  drought,  winds,  degree  of 
cultivation  of  the  soil,  arrangement  and  extent  of  ditches,  and  in 
some  places  the  volume  of  water  immediately  available.  No  special 
attention  was  given  to  these  factors,  but  a  few  general  figures  were 
supplied  by  the  irrigators.  There  was  considerable  difference  of 
opinion  as  to  the  amount  of  water  required  for  irrigation  in  this 
region.  It  is  probable,  however,  that  2^  acre-feet  an  acre  a  year 
will  be  required  at  most  places,  as  this  is  the  amount  used  in  some 
other  similar  regions.  With  careful  cultivation  of  the  soil,  however, 
a  very  much  smaller  amount  will  give  good  returns. 

At  one  plant  it  was  said  that  70  gallons  a  minute,  pumped  10  hours 
a  day  during  the  growing  season,  would  provide  for  the  irrigation 
of  10  acres;  but  at  this  rate  of  pumping  78  days  would  be  required 
to  provide  1  acre- foot  over  the  entire  10  acres.  With  such  light  irri- 
gation the  crops  should  be  well  cultivated  to  conserve  the  moisture. 
At  the  Pierce  ranch,  south  of  Columbus,  where  8  acres  is  under  cul- 
tivation, about  2  acre- feet  of  water  is  required  to  each  wetting, 
which  is  about  3  inches  to  the  acre,  but  this  is  repeated  several  times 
during  the  season.  At  the  Peters  &  White  ranch,  at  Waterloo,  1 
acre-foot  of  water  will  wet  about  2^  acres  at  a  wetting,  and  at  a 
plant  near  by  pumping  1,000  gallons  of  water  a  minute,  10  acres  a 
day  can  be  irrigated.    At  the  Hughes  ranch,  6  miles  southwest  of 
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Deming,  a  pump  producing  500  gallons  a  minute  can  irrigate  25 
acres  in  about  three  days,  running  10  hours  a  day,  which  is  a  yield 
of  nearly  3  acre-feet,  or  one-eighth  of  an  acre- foot  to  each  acre  under 
cultivation.  This  irrigation  is  repeated  every  10  days  during  the 
growing  season. 

008T  07  puicpnro. 

No  attempt  was  made  to  ascertain  the  cost  of  pumping  water 
from  wells  in  Luna  County,  but  a  few  figures  were  obtained  inci- 
dentally during  the  investigation.  Ordinarily  in  this  region  the 
engines  are  small — 5  to  10  horsepower — ^the  water  is  lifted  only  about 
40  feet,  and  the  volume  of  output  ranges  from  200  to  1,500  gallons  a 
minute.  The  fuel  used  at  most  places  is  "  gasoline  "  or  "  naphtha  " 
from  the  Texas  refineries  and  has  cost  from  11  to  15  cents  a  gallon 
at  the  railroad  station.  It  is  estimated  that  under  favorable  condi- 
tions 1  gallon  an  hour  will  provide  for  pumping  500  gallons  a  minute 
from  a  depth  of  40  feet,  which,  with  naphtha  at  14  cents  a  gallon,  is 
a  fuel  cost  of  about  $1.50  an  acre-foot,  or  325,850  gallons.  As  2^ 
acre-feet  an  acre  is  usually  regarded  as  sufficient  for  most  crops  in 
this  region,  the  fuel  cost  on  this  basis  would  be  $?.75  an  acre.  The 
experience  at  several  plants,  however,  has  shown  a  wide  range  in  the 
figures. 

At  the  Hund  well,  east  of  Deming,  the  lift  is  49  feet  and  the  output 
is  stated  to  be  about  1,200  gallons  a  minute.  The  pump  is  run  by  a 
35-horsepower  engine,  which  is  reported  to  consume  about  35  gallons 
of  naphtha  in  a  10-hour  run,  or  3^  gallons  an  hour.  With  fuel  at 
14  cents  a  gallon  the  cost  of  the  water  is  $1.21  an  acre-foot.  The 
cost  of  the  outfit  at  this  place  is  stated  to  be  about  $3,500  (engine 
$1,500,  well  and  pump  $1,700,  engine  house  $200).  The  water  from 
this  well  irrigates  about  2  acres  an  hour  for  most  crops,  but  an  hour 
and  a  half  is  required  for  2  acres  of  alfalfa. 

At  the  ShuU  well,  east  of  Deming,  the  lift  is  27  feet  when  the 
pump  starts,  but  the  water  gradually  pumps  down  to  42  feet  in  a 
couple  of  hours.  The  production  of  1,250  gallons  a  minute  by  a 
pump  run  by  a  45-horsepower  engine  requires  4  gallons  of  naphtha 
an  hour.  The  cost  at  this  plant,  with  fuel  at  14  cents  a  gallon,  is 
$1.43  an  acre- foot.  The  outfit  cost  $3,000,  and  the  water  will  irrigate 
250  acres. 

At  the  ranch  of  L.  Stephenson,  in  the  NW.  i  sec.  1,  T.  25  S.,  K.  9  W., 
the  pump  yields  250  gallons  a  minute  from  a  depth  of  45  feet,  with 
a  consumption  of  1|  gallons  an  hour.  A  24-horsepower  engine  is 
used.  The  cost  ipder  these  conditions,  with  naphtha  at  14  cents  a 
gallon,  is  $4.20  an  acre-foot. 

At  the  Bowman  ranch,  in  the  NW.  J  sec.  12,  T.  24  S.,  R.  9  W., 
2  miles  southeast  of  Deming,  the  well  is  52  feet  deep,  and  350  gallons 
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a  minute  is  pumped  with  a  6-horsepower  engine,  which  consumes  1 
gallon  of  naphtha  an  hour.  With  fuel  at  14  cents  a  gallon,  the  cost 
here  is  $2.10  an  acre-foot. 

At  the  Peters  &  White  ranch,  at  Waterloo,  the  water  is  pumped 
from  a  depth  of  about  23  feet,  and  the  yield  is  stated  to  be  600  gallons 
a  mitiute.  A  5-inch  pump  is  used,  run  by  a  15-horsepower  engine, 
which  consumes  a  gallon  of  naphtha  an  hour,  and  it  is  estimated  that 
about  3|  hours  of  pumping  is  required  to  irrigate  1  acre.  With 
naphtha  costing  14  cents  a  gallon  the  cost  per  acre-foot  of  water  is 
$1.70. 

A  similar  well  a  short  distance  northeast  of  Waterloo  yields  1,000 
gallons  a  minute  when  pimiped  with  a  25-horsepower  engine,  and  it 
is  said  that  this  will  wet  10  acres  a  day.  A  smaller  plant  2^  miles 
east  of  Waterloo,  lifting  water  from  21  feet  below  the  surface  by  an 
8-horsepower  engine,  uses  6  gallons  of  naphtha  in  a  10-hour  run. 

At  the  Hughes  ranch  in  sec.  15,  T.  25  S.,  R.  10  W.,  the  water  is 
pumped  from  a  depth  of  65  feet,  yielding  500  gallons  a  minute,  and 
25  acres  is  now  under  irrigation.  A  No.  4  pump  is  used,  run  by  a 
crude-oil  engine,  and  it  takes  three  days  of  pumping,  10  hours  a  day, 
to  water  the  entire  area.  This  wetting  is  repeated  every  10  days  dur- 
ing the  growing  season.  The  fuel  used  amounts  to  20  or  25  gallons 
a  day  and  costs  4^  cents  a  gallon,  not  including  cost  of  haulage 
71  miles.  This  is  a  fuel  expense  of  about  $1  a  day,  3,000  gallons  of 
water  for  1  cent,  $1.09  an  acre-foot,  or  $3  for  each  run  to  irrigate 
25  acres,  the  cost  per  acre  being  12  cents  for  each  wetting.  The 
economy  in  the  use  of  crude  oil  for  fuel  is  being  strongly  urged,  and 
the  assertion  is  made  that  the  oil  properly  used  gives  as  much  power 
as  gasoline.  With  the  estimate  of  8  horsepower  an  hour  from  a  gal- 
lon of  oil,  and  with  oil  at  $2  a  barrel,  the  cost  of  oil  for  fuel  is  only 
slightly  in  excess  of  half  a  cent  a  horsepower  an  hour.  Gas  pro- 
ducers using  coal  or  oil  are  even  more  economical. 

In  the  Columbus  region  the  water  is  somewhat  nearer  to  the  sur- 
face and  the  pumping  cost  is  less  than  in  the  region  to  the  north.  At 
the  Bailey  plant  the  production  of  1,200  to  1,500  gallons  an  hour  with 
water  only  2  feet  below  the  surface  requires,  it  is  said,  0.8  gallon  of 
naphtha  an  hour,  the  cost  being  thus  48  cents  an  acre- foot.  At  the 
Pierce  farm,  near  by,  where  the  water  is  6  feet  below  the  surface,  the 
pumping  is  done  by  a  No.  6  pump,  run  by  a  15-horsepower  engine, 
requiring  22  gallons  of  naphtha  for  a  10-hour  run.  This  is  $1.68  an 
acre-foot  with  naphtha  at  14  cents  a  gallon.  At  the  Keenum  well, 
2  miles  south  of  Columbus,  the  water  is  12  feet  below  the  surface  and 
is  lifted  by  a  No.  6  pump  with  a  20-horsepower  engine,  consuming  15 
gallons  of  naphtha  in  a  10-hour  run.  The  yield  is  1,200  gallons  an 
hour,  and  with  naphtha  at  14  cents  a  gallon  the  cost  of  pumping  is 
94^  cents  an  acre-foot. 
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The  following  table  gives  a  summary  of  some  of  these  figures  and 
also  the  cost  per  foot  of  lift  per  acre- foot : 

Cost  of  pumping  at  irrigation  plants  in  Luna  County. 


Near  Deming... 

Do 

Do 

Near  Hondale. . 

Do 

Waterloo , 

Near  Columbus 

Do 

Do 


Lift 
(feet). 


40 

27-42 

52 

a  67-70 

2^-25 

2-7 

a  6-12 

a  12-18 


Reported 

yield 
(gallons  a 
minute). 


1,250 

1,250 

350 

250 

500 

600 

1,500 

1,000 

1,200 


Cost  per 
acre-foot. 


91.21 
1.43 
2.10 
4.20 
LOO 
L70 

.48 
1.68 

.045 


Approx- 
imate 
cost  per 
acre-foot 
per  foot 
raised. 


SO.  025 
.036 
.04 
.084 
.015 
.07 
.07 
.017 
.055 


Fuel. 


Naphtha  at  14  cents  a  gallon. 

Do. 

Do. 

Do. 
Crude  oil  at  4^  cents  a  gallon. 
Naphtha  at  14  cents  a  gallon. 

Do. 

Do. 

Do. 


a  Estimated  drawdowns. 


Accordmg  to  figures  compiled  by  the  Reclamation  Service,  the 
cost  of  pumping  in  central  Kansas,  where  liquid  fuel  is  only  moder- 
ately expensive,  is  about  7  cents  an  aci'e-foot  for  every  foot  the 
water  is  raised,  or  $3.50  for  a  lift  of  50  feet,  but  this  includes  not  only 
fuel  but  all  other  expenses  of  the  pump,  interest,  etc. 


PiriCPIVO  TESTS. 


By  A.  T.  SCHWRNNESEN. 


Plan  of  tests, — Estimates  of  the  yield  from  irrigating  plants  are 
usually  based  on  the  manufacturer's  figures  of  the  capacity  of  the 
pumps  under  certain  ideal  conditions.  As  such  conditions  seldom 
exist  in  actual  practice,  the  yields  are  usually  much  overestimated. 
To  obtain  some  reliable  data  in  the  Mimbres  Valley  a  series  of  five 
pumping  tests  were  made  during  August  and  September,  1913. 

The  plants  chosen  for  testing  represent  average  types,  and  no  at- 
tempt was  made  to  select  the  largest  or  more  efficient.  Thus  the 
Baker  and  McBride  plants  are  representative  of  the  ordinary  large 
plants,  the  Graham  phint  is  a  good  example  of  one  of  intermediate 
size,  and  the  Deane  plant  is  an  example  of  the  smallest  plants  used 
in  the  district.  Most  of  the  existing  plants  are  of  the  intermediate 
class  represented  by  the  Graham  plant;  few  are  larger  in  point  of 
equipment  than  the  Baker  plant,  although  some  very  much  larger 
yields  have  been  reported ;  and  very  few  are  smaller  than  the  Deane 
plant. 

The  discharge  from  the  pumps  was  measured  by  a  standard  rec- 
tangular weir  board  set  in  the  ditch.  Simultaneous  measurements 
of  both  the  head  of  water  on  the  weir  and  the  drawdown  in  the  well 
were  made  every  15  minutes  during  tlie  test. 
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The  principal  data  in  regard  to  the  pumping  plants  that  were 
tested  arc  given  in  the  following  table : 

Results  of  pumping  tests  in  Luna  County^  N,  Mex, 


Depth  of  well feet. . 

Depth  to  water do — 

Cost  of  engbie 

Cost  of  pump 

Cost  of  well 

Total  cost  of  plant 

Duration  of  test hours. . 

Uftximiim  discharge  measured 
gallons  a  minute. . 

Average  discharge do 

Maximum  drawdown feet. . 

Average  discharge  lift do 

Average  suction  lift do 

Average  total  lift do 

Effective  horsepower  a 

Rated  horsepower 

Efficiency  f> per  cent. . 

Specific  capacity  of  well  c 

kind 

Cost  per  gallon cents. . 

Amount  used gallons  an 

hour 

Cost  of  fuel  per  acre-foot  of  water 

pumped 

Cost  of  fuel  per  acre-foot  of  water 
lifted  1  foot cents.. 


•Baker. 


75 

58.6 

$1,080 

1250 

$1,145 

$3,075 

If 

898 

603 

10.2 

58.6 

15 

73.6 

n.2 

40 
28.1 

88.0 

Distillate. 
6i 

2i 

$1.46 

2 


1 


Graham. 


67 
24.8 
$550 
$110 
$278 
$928 

^ 

558 
555 
11.0 
22.6 
14.3 
36.9 
6.18 
12 
43.2 
60.7 

Distillate. 

n 

1 

$0.93 

2i 


McBride. 


100 

47.1 

$1,000 

$608 


li 

518 
444 

27.6 
69.0 
9.7 
78.7 
8.83 
32 
27.6 
18.8 


Hollinshead. 


46.9 


14 

178 
166 
12.3 
50.8 
11.4 
f2.2 
2.62 
11 
23.8 
14.5 

Distillate. 
9i 


Deane. 


67 
46.3 


li 

156 

122 

8.8 

54 

2.8 

56.8 

1.75 

7 

25.0 

17.7 

Crude  oil. 
5i 


pounds  of  water  pumped  per  minute  X  total  lilt  in  feet 

33,000 


a  Effective  horsepower^ 

..  i:.«  1  effective  horsepower 

»  Efflcte.cy=  -^^j^j^^j^-— . 

c  Specific  capacity  is  the  yield  (In  gallons  a  minute)  per  foot  of  drawdown. 

Baker  plant. — The  plant  of  C.  L.  Baker,  in  the  SW.  i  SE.  i  sec.  4, 
T.  24  S.,  R.  9  W.j  is  equipped  with  a  40-horsepower  engine  manu- 
factured by  the  Bessemer  Gas  Engine  Co.,  of  Grove  City,  Pa.  It  is 
designed  to  burn  crude  oil  and  the  cheaper  grades  of  distillate.  The 
pump  is  a  Blackham-Scale  single-stage  horizontal  centrifugal  pump 
with  a  19-inch  nmner.  The  pump  is  set  53  feet  below  the  ground 
surface  and  connected  with  the  engine  through  a  vertical  shaft  and 
belt. 

The  well  is  dug  75  feet  deep.  It  was  originally  bored  115  feet 
deeper,  but  the  bored  part  w^as  afterward  filled  in.  For  the  first  52 
feet  the  w^ell  is  9  by  9  feet  in  cross  section,  for  the  next  18  feet  it  is 
5  bv  5  feet,  and  for  the  last  5  feet  it  is  4  bv  4  feet.  It  is  curbed  from 
top  to  bottom  with  planks.  No  complete  log  of  the  well  was  obtained, 
but  the  owner  stated  that  the  materials  passed  through  w-cre  yellow^ 
clay  and  gravels  in  alternate  layers.  The  clay  beds  averaged  about  10 
feet  in  thickness  and  the  interbcdded  gravels  from  1  to  4  feet.  Two 
gravel  beds  near  the  bottom,  separated  by  12  feet  of  clay  and  sand, 
furnish  most  of  the  water.  The  cost  of  the  w^ell  as  given  by  the 
owner  is  as  follows : 

ConatnictinfT  75  feot  of  dug  well $800 

Borlns  12-iiioh  hole.  115  feot,  nt  $1. 115 

Casings,  12-iiich,  115  feet,  at  $2 _* 230 
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The  cost  of  the  dug  part  of  this  well  was  excessive^  and  ordinarily 
a  well  of  this  kind  costs  much  less. 

This  plant  irrigates  about  30  acres.  The  principal  crops  are  alfalfa 
and  beans.  Five  cuttings  of  alfalfa  a  year,  yielding  from  IJ  to  1^ 
tons  an  acre  a  cutting,  are  usually  obtained.  Each  crop  requires  two 
waterings.  From  6  to  7  acres  of  alfalfa  can  be  irrigated  during  a  10- 
hour  pumping  day. 

Graham  plant. — ^The  plant  of  J.  M.  Graham,  at  the  southwest 
comer  of  sec.  11,  T.  24  S.,  R.  8  W.,  is  equipped  with  a  12-horsepower 
Fairbanks-Morse  engine,  belted  to  the  vertical  shaft  of  a  single-stage 
horizontal  American  centrifugal  pump  set  at  the  bottom  of  a  22-foot 
pit.  The  engine  is  designed  to  burn  gasoline  and  the  higher  grades 
of  distillate. 

The  depth  of  the  well  is  67  feet,  of  which  the  first  22  feet  is  dug 
9  by  5  feet  in  cross  section  and  the  remaining  45  feet  bored  22  inches 
in  diameter.  The  dug  part  is  curbed  with  pine  lumber,  and  the  bored 
part  is  cased  with  perforated  casing.  The  owner  reports  the  follow- 
ing log  for  the  well : 

Log  of  tccll  in  the  northwest  corner  of  sec.  11,  T.  2^  ^.,  /?.  8  W. 


Mostly  clay  with  some  thin  beds  of  sand  and  caliche . 
Medium  to  coarse  water-bearing  gravel 


The  cost  of  constructing  the  well  was  as  follows : 

Digging  pit,  22  feet  at  $3 $66.00 

Lumber  for  curbing 10.00 

Boring  22-lnch  hole,  45  feet  at  $2.50 112.50 

Casing,  22-lnch,  45  feet  nt  $2 . 90.00 


278.50 

This  plant  furnishes  water  for  10  acres  of  alfalfa. 

McBride  plant. — ^The  equipment  of  the  plant  of  M.  L.  McBride  in 
the  NW.  i  SW.  i  sec.  30,  T.  24  S.,  R.  8  W.,  consists  of  a  32-horse- 
power  Fairbanks- Morse  engine  using  crude  oil  and  the  cheaper 
grades  of  distillate.  A  No.  5  Layne  &  Bowler  pump  is  set  65  feet 
below  the  surface  and  connected  to  the  engine  at  the  surface  through 
a  belt  and  vertical  transmission  shaft.  The  pump,  with  20  feet  of 
7f-inch  suction  pipe  and  70  feet  of  8|-inch  discharge  pipe,  cost 
$608.50  f.  o.  b.  at  Deming. 
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Three  water-bearing  beds  were  penetrated  in  the  well  in  a  total 
depth  of  ai)proximately  100  feet.  The  following  log  was  furnished 
by  the  owner : 


JA}i;  of  well  in  the  NW.  i  SW.  \  8ec,  SO,  T.  2}  Sf..  R.  8  W. 


Sofl,  clay,  and  sand 

Gravel  and  sand,  watpr  bearing 

Clay 

Band  with  some  gravel,  water  b(>arlng 

Clay  and  sand 

Gravel,  water  bearing 


Fett, 


(T) 


64 
70 
72 
82 
100 


The  plant  irrigates  20  acres  of  beans  and  5  acres  of  maize.  The 
beans  are  watered  three  times  during  the  growing  season  of  4  months* 
One  watering  takes  from  75  to  90  hours  of  continuous  pumping. 

HoUinshead  plant. — The  plant  of  M.  W.  HoUinshead,  in  the  NE.  J 
NE.  i  sec.  10,  T.  26  S.,  R.  10  W.,  is  equipped  with  an  11-horsepower 
Foos  engine  burning  gasoline  and  the  better  grades  of  distillate.  The 
pump  is  a  single-stage  centrifugal  pump  set  at  water  level  in  a  pit 
and  connected  to  the  engine  at  the  surface  by  a  belt  and  vertical 
shaft.  The  well  consists  of  a  dug  pit  47  feet  deep  and  curbed  with 
lumber.  From  the  bottom  of  the  pump  pit  the  well  is  bored  and 
cased  with  perforated  casing. 

The  plant  irrigates  20  acres  of  beans,  Indian  com,  and  milo  maize. 

Deaane  plant. — ^The  plant  of  E.  S.  Deane,  at  the  northwest  comer 
of  the  SE.  J  sec.  2,  T.  24  S.,  R.  9  W.,  is  run  by  a  7-horsepower  Simple 
engine,  manufactured  at  Trinidad,  Colo.  Crude  oil  and  the  cheaper 
grades  of  distillate  are  used  for  fuel.  The  pump  is  a  Buffalo  No.  2 
single-stage  centrifugal  pump  with  a  12-inch  runner.  It  is  set  at 
the  bottom  of  a  53-foot  pit  and  connected  with  the  engine  through 
a  vertical  shaft  and  belt.  The  well  is  67  feet  deep  and  contains  one 
water-bearing  bed.  From  the  bottom  of  the  pit  a  15-inch  hole  cased 
with  perforated  casing  extends  down  for  14  feet.  The  following  log 
was  reported: 

IjOO  of  wrll  in  the  SK,  }  «er.  2,  T,  2J^  «.,  R.  .9  W. 


SoO.  clay  with  some  caliche 
Water-bearing  gravel 


This  plant  is  operated  in  connection  with  a  small  earth  reservoir 
and  furnishes  water  for  5  to  8  acres  of  alfalfa,  melons,  and  garden 
truck. 


172 


LUNA  COUNTY,   NEW   MEXICO. 


pincPiNG  nr  rio  oeahde  valley. 


In  1904  Slichter^  made  some  careful  tests  of  the  amounts  of  fuel 
required  to  run  pumping  plants  in  the  Rio  Grande  valley;  and  as 
the  conditions  there  are  somewhat  similar  to  those  in  the  Deming 
region,  a  summary  of  the  results  is  given  in  the  following  table : 

Fuel  cost  of  pumping  at  some  wells  in  Rio  Orande  valley. 


Depth 
of  well 
(feet). 

Lift 
(feet). 

Yield 
(gallons  a 
minute). 

OasoUne 

used 

(gallons 

an  hour). 

Costa 

Per  1,000 
gallons. 

Per 
acnvfoot. 

30 
66 
60 
60 
48 
5S 
52 
52 
63 
59 

28 
31 

41i 

36 

45J 

27 

40i 

40 

35 

36 

258 
269 

1,325 
658 
131 
648 
725 

6668 
325 
271 

0.5 
.8 

2.5 

1.4 
.6 

1.08 

2 

1 

L8 

L5 

IO.O(M 
.006 
.0a375 
.0045 
.009 
.003 
.0055 
.0028 
.0113 
.0106 

11.35 
1.93 
1.22 
1.48 
3.20 
1.04 
L78 
.95 
3.63 
3.40 

a  Costs  are  recalculated  on  basis  of  gasoline  at  12  cents  a  gallon. 

b  Alfalfa  irrigation,  three  wetting.  7  days  apart,  16  hours'  run  for  each.    The  amount  required  wa3  3 
Inches,  which  cost  12.02  an  acre,  and  the  crops  averaged  1  ton  to  the  acre. 

The  cost  of  pumping  by  electricity  was  obtained  at  one  plant 
where  the  well  is  68  feet  deep,  the  water  is  lifted  39  feet,  and  the 
yield  is  378  gallons  a  minute.  The  production  was  reported  to  be 
134,400  foot-gallons  of  water  to  the  kilowatt  hour  of  current,  and 
the  total  cost  $5.75  an  acre-foot  with  power  at  5  cents  a  kilowatt- 
hour.  A  crude-oil  gas  generator  working  a  No.  6  pump  with  37- 
foot  lift  and  a  yield  of  938  gallons  a  minute  cost  0.9  cent  a  thousand 
gallons,  or  70  cents  an  acre-foot,  with  oil  at  3  cents  a  gallon,  and 
the  same  pump  run  with  gasoline  at  12  cents  a  gallon  cost  $2.52  an 
acre-foot.  There  was  about  20  per  cent  advantage  in  running  all 
night,  and  storage  reservoirs  are  an  important  economy. 


IRRIGATION  BY  SURFACE  WATER. 

At  present  practically  no  surface  water  is  used  for  irrigation  in 
Luna  County.  Ditches  have  been  constructed  at  several  places  to 
take  water  out  of  the  Mimbres  during  flood  stages,  and  they  have 
conveyed  some  >vater  into  a  few  sections.  The  Rio  Mimbres  Land 
Co.  has  a  project  of  building  a  dam  in  the  narrows  in  sec.  1,  T.  20 
S.,  K.  10  W.,  to  store  flood  waters  of  the  river.  The  topographic 
conditions  are  favorable,  for  at  the  dam  site  the  valley  is  narrow  and 
in  rock,  but  just  above  this  place  it  widens  into  a  broad  basin 
which  would  make  a  reservoir  approximately  2  square  miles  in  area. 

»U.  S.  Geol.  Survey  Water-Supply  Paper  141,  pp.  :M-:J5,  lOOH. 
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This  would  be  filled  by  the  flow  of  the  river,  mainly  at  times  of 
flood.  The  ditches  leading  out  on  the  west  bank  would  extend  past 
P'aywood  Springs  and  Faywood  station  and  thence  south  near  the 
west  line  of  R.  11  W.  The  eastern  ditch  would  pass  behind  the  old 
village  of  Mimbres  through  the  middle  of  E.  10  W.  to  and  through 
the  southeast  corner  of  T.  22  S.,  R.  10  W.  The  area  served  by  these 
ditches  north  of  the  Southern  Pacific  Railroad  would  be  about  six 
townships,  or  more  than  200  square  miles.  The  catchment  area  of 
the  Mimbres  basin  above  the  dam  has  been  estimated  at  600  square 
miles,  and  with  rainfall  varying  from  20  inches  on  the  Black  Moun- 
tains to  about  12  inches  in  the  foothills  a  total  volume  of  500,000 
acre-feet  a  year  is  indicated.  There  is,  however,  a  very  large  loss 
by  evaporation  and  other  causes,  for  the  gagings  from  1908  to  1913 
at  the  dam  site,  as  explained  on  page  112,  have  shown  only  from  3,270 
to  possibly  30,000  acre-feet  a  year,  and  the  average  is  considerably 
below  10,000  acre-feet.  This  would  provide  water  for  irrigating 
only  about  5,000  acres,  or  less  than  38  quarter  sections,  with  the  duty 
of  water  at  2  feet.  Even  this  does  not  allow  for  loss  by  reservoir 
evaporation  and  leakage  from  ditches,  which  would  probably  amount 
to  50  per  cent. 

Another  project  that  has  been  contemplated  is  to  dredge  out  the 
depression  of  Florida  Lake  to  tap  the  underflow  and  then  to  convey 
this  water  in  ditches  leading  east  and  south  into  a  wide  area  north- 
east of  the  Little  Florida  Mountains. 

ELEVATIONS. 

On  Plate  I  (in  pocket)  the  topography  of  Luna  County  is  shown 
by  contour  lines  spaced  200  feet  apart  vertically,  with  sea  level  as 
the  datum.  Each  line  indicates  the  altitude  along  its  course,  and 
from  the  distances  between  the  lines  the  general  rates  of  slope  can  be 
inferred.  With  a  200-foot  contour  interval,  however,  features  less 
than  200  feet  above  the  adjacent  country  and  minor  changes  of  slope 
are  not  shown.  The  contours  shown  by  full  lines  are  condensed  from 
the  map  of  the  Deming  quadrangle  much  of  which  is  accurately  sur- 
veyed. Those  shown  by  broken  lines  are  based  on  determinations  of 
altitude  by  barometer  compared  with  many  elevations  given  in  rail- 
road profiles,  level  lines  of  the  United  States  Geological  Survey,  the 
International  Boundary  Survey,  and  some  recently  established  sta- 
tions of  the  United  States  Coast  and  Geodetic  Survey. 

A  knowledge  of  precise  elevations  in  the  bolson  areas  of  Luna 
County  is  of  great  importance  in  the  study  of  the  altitudes  or  grade 
of  the  underground  water.  These  altitudes  should  be  recorded  and  as 
wells  become  numerous  comparisons  should  be  made  from  time  to 
time  to  ascertain  the  effect  of  heavy  pumping,  possibly  with  a  view  of 
so  restricting  excessive  draft  as  to  prevent  final  depletion  of  the 
supply.    In  order  to  determine  water  levels  it  is  necessary  to  utilize 
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all  available  accurate  data  as  to  elevations  of  the  land,  and  accord- 
ingly in  the  following  pages  are  given  those  which  are  now  estab- 
lished as  compiled  from  various  sources. 

UNITED  STATES  GEDLOOICAL  SUBVET. 

The  following  list  gives  the  results  of  precise  leveling  along  the 
Atchison,  Topeka  &  Santa  Fe  Railway  from  Rincon  to  Silver  City 
by  M.  S.  Bright,  of  the  United  States  Geological  Survey,  in  1905. 
They  are  tied  to  a  line  run  in  1905  to  1907  from  Yuma  to  Deming,  but 
are  not  otherwise  adjusted.^  p^^ 

Hockett,  50  feet  west  of  track,  5  feet  south  of  milepost  1004,  in  front 
of  section  house;  iron  i)ost  stamped  "  195  " 4,  512.278 

Hockett,  3  miles  south  of,  45  feet  west  of  track,  5  feet  north  of  mile- 
post  1097 ;  iron  post  stamped  "  198  " 4, 483. 521 

Hockett,  6  miles  south  of,  40  feet  east  of  track,  opposite  milepost 
1100 ;  iron  post  stamped  "  201 " 4,  491. 682 

Easley,  in  front  of  sign  board ;  top  of  rail 4,  516. 13 

Easley,  2  miles  west  of,  75  feet  north  of  track,  30  feet  east  of  mile- 
post 1103 ;  iron  post  stamped  "  204  " 4, 607.  728 

Nutt,  260  feet  south  of  station,  234  feet  south  of  south  rail  in  main 
line,  40  feet  east  of  gate  near  wire  fence,  In  concrete;  iron  post 
stamped  "  206  " 4, 718. 486 

Nutt,  260  feet  south  of  station,  234  feet  south  of  south  rail  on  main 
line,  40  feet  east  of  gate  near  wire  fence,  set  in  cement  4  Inches 
from  above  bench  mark ;  aluminum  tablet  stamped  "  206  " 4, 717. 963 

Nutt,  3  miles  south  of,  165  feet  south  of  milepost  1108,  45  feet  west 
of  track,  6  feet  north  of  telegraph  pole ;  iron  post  stamped  "208  "_    4, 652. 021 

Nutt,  6  miles  south  of,  45  feet  west  of  track,  4  feet  south  of  mile- 
post 1111 ;  iron  post  stamped  "  211 " 4, 610. 256 

Nutt,  9  miles  south  of,  45  feet  west  of  track,  6  feet  north  of  mile- 
post 1114 ;  iron  post  stamped  "  214  " 4, 583. 268 

Nutt,  12  miles  south  of,  45  feet  west  of  track,  6  feet  north  of  mile- 
post 1117 ;  iron  post  stamped  "  217  " 4, 523. 648 

Florida,  in  front  of  sign  board;  top  of  rail 4,505.32 

Florida,  2  miles  south  of,  45  feet  west  of  track,  6  feet  north  of  mile- 
post 1120;  iron  post  stamped  "220" 4,482.705 

Florida,  5.2  miles  south  of,  about  0.25  miles  south  of  milepost  1123. 
at  north  end  of  cut,  80  feet  east  of  track,  12  feet  west  of  wagon 
road,  near  wire  fence ;  iron  post  stamped  "  223  " 4, 411.  703 

Mirage  siding;  top  of  rail 4,  a77.  53 

Mirage  siding,  3  miles  south  of,  45  feet  west  of  track,  6  feet  north 
of  milepost'  1129 ;  iron  post  stamped  "  229  " 4, 332.  711 

Deming,  210  feet  north  of  second  switch  block  in  station,  Atchison, 
Topeka  &  Santa  Fe  Railway  yards,  then  100  feet  east  of  main 
line,  200  feet  southeast  of  milepost  1132,  at  fence  corner;  iron 
post  stamped  "232" 4.325.157 

Deming,  in  front  of  Atchison,  Topeka  &  Santa  Fe  Railway  station ; 
top  of  raU 4. 335.  553 

Deming,  in  front  of  Southern  Pacific  Railroad  station ;  top  of  rail —    4. 335. 81 

Deming,  at  southwest  corner  of  Silverton  and  Railroad  avenues,  at 
corner  of  concrete  sidewalk,  in  concrete ;  iron  post  stamped  "  233  "_  -    4,  334. 928 


*  Tjitor  work  by  the  United  States  Coast  and  Geodetic  Survey  has  shown  that  they  are 
1.07  foot  too  low. 
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Feet. 
Deming,  city  waterworks,  222  feet  south  of  Southeru  Pacific  Kail- 

roftd  track,  in  northwest  corner  of  foundation  stone;  aluminum 

tablet  8tami)e(l  "284" M,  345. 802 

Deming,  3  miles  northwest  of,  45  feet  north  of  track,  6  feet  east  of 
mllepost  1136 ;  iron  post  stamped  "  236  " 4, 376. 552 

Deming,  6  miles  northwest  of,  00  feet  northeast  of  track,  50  feet 
northeast  of  wagon  road,  30  feet  northeast  of  milepost  1139 ;  iron 
post  stamped  "  239  " 4, 451. 165 

Deming,  9  miles  northwest  of,  75  feet  northeast  of  track,  35  feet 
northeast  of  milepost  1142  and  wagon  road;  iron  post  stamped 
"  242  " 4,  530. 022 

Deming,  12  miles  northwest  of,  90  feet  northeast  of  track,  45  feet 
northeast  of  milepost  1145  and  wagon  road;  iron  post  stamped 
"  245  " 4, 610. 191 

Deming,  15  miles  northwest  of,  five  telegraph  poles  west  of  milepost 
1148,  80  feet  north  of  bridge  4,  at  fence  corner ;  iron  post  stamped 
"  248  " 4, 672.  429 

Spalding,  in  front  of  signboard ;  top  of  rail 4,  728. 01 

Spalding,  0.5  mile  northwest  of,  75  feet  north  of  track,  30  feet  north 
of  milepost  1151 ;  iron  post  stamped  "  251 " 4,  738. 973 

Spalding,  3.5  miles  northwest  of,  45  feet  north  of  milepost  1154, 
5  feet  north  of  wagon  road ;  Iron  post  stamiied  "  254  " 4, 806. 387 

Fay  wood,  340  feet  east  of  station,  45  feet  north  of  road  crossing,  seven 

telegraph  poles  west  of  milepost  1157 ;  iron  post  stamped  "  257  " 4, 910.  751 

Faywood,  In  front  of  station ;  top  of  rail 4, 914.  47 

Faywood,  3  miles  west  of,  95  feet  south  of  milepost  1160,  55  feet 
south  of  track,  30  feet  north  of  wagon  road;  iron  post  stamped 
"  260  " 5, 000. 982 

Faywood,  6  miles  west  of,  110  feet  south  of  milepost  1163,  70  feet 
south  of  track,  1  mile  east  of  Whitewater,  18  feet  north  of  wagon 
road ;  iron  post  stamped  "  163  " 5, 128.  36 

AVhItewater,  In  front  of  station  at  milepost  1164 ;  top  of  rail 5, 156.  77 

Whitewater,  700  feet  northwest  of  station,  85  feet  south  of  junc- 
tion of  Silver  Clty-Demlng  and  Whitewater-Hanover  roads,  21  feet 
south  of  wagon  roads,  in  limestone  rock;  aluminum  tablet 
stamped   "  264-B-1905  " 5, 157. 825 

Whitewater,  3  miles  northwest  of,  500  feet  east  of  mllepost  1167, 
65  feet  north  of  bridge  23,  on  point  of  ridge;  Iron  post  stamped 
"267-B-1905  " 5,  210. 045 

The  following  list  gives  the  results  of  precise  leveling  along  the 
Southern  Pacific  Railroad  from  Deming  to  the  west  line  of  Luna 
County,  connected  with  a  line  of  levels  brought  from  Yuma  but 
otherwise  not  adjusted.^  The  work  was  done  in  1906-7  by  A.  R. 
Carver  ancjl  W.  A.  E.  Hult,  of  the  United  States  Geological  Survey. 

Feet. 
Milepost  1203,  100  feet  south  of,  20  feet  north  of  wagon  road ;  Iron 

post  stamped  "4-C-1906" 4,382.608 

Parma,  opposite  mllepost  1202;  top  of  rail ' 4,393.4 

Parma,  2  miles  west  of,  100  feet  south  of  mllepost  1200,  50  feet  north 

of  wagon  road;  Iron  post  stamped  "7-C-1006" 4,410.588 

«  V.  8.  Const  and  Geodetic  Survey  pives  4,M(S.71  foet. 

3  According  to  the  latest  data  0.07  foot  should  be  added. 
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Feet, 

Tunis,  In  front  of  signboard;  top  of  rail 4,423.8 

Tunis,  li  miles  west  of,  100  feet  south  of  milepost  1197,  15  feet  north 

of  wagon  road ;  iron  post  stamped  "  lO-C-1906  " 4, 434. 155 

Tunis,  4i  miles  west  of,  75  feet  south  of  milepost  1194,  20  feet  north 

of  wagon  road ;  iron  post  stamped  "  13-C-1906  " 4, 422. 177 

Mongola,  in  front  of  signboard;  top  of  rail 4,430.2 

Mongola,  0.9  mile  west  of,  100  feet  south  of  track,  15  feet  north  of 

wagon  road,  75  feet  south  of  milepost  1191;  iron  post  stamped 

"  ie-C-1906"  4,435.946 

Gage,  1  mile  east  of,  110  feet  south  of  track,  15  feet  north  of  road, 

75  feet  south  of  milepost  1188 ;  Iron  post  stamped  "  19-O-1906  " 4, 479. 401 

Gage,  in  front  of;  top  of  rail 4,489.2 

Gage,  2  miles  west  of,  100  feet  south  of  track,  30  feet  north  of  wagon 

road  at  grade  crossing ;  iron  post  stamped  "  22-01906  " 4, 530. 170 

Aitkin  (now  Quincy),  in  front  of  signboard;  top  of  rail 4,  563.8 

Aitkin  (now  Quincy),  40  feet  north  of  wagon  road,  75  feet  south  of 

milepost  1182;  iron  post  stamped  "25-C-1906" 4,560.536 

UNITED  STATES  COAST  AND  GEODETIC  SUBVET. 

In  1910  a  network  of  primary  triangulation  was  extended  across 
Luna  County  by  the  United  States  Coast  and  Geodetic  Survey. 
Cooks  Peak,  the  Florida  Mountains,  and  other  high  points  were 
occupied,  and  the  observers  measured  a  very  precise  base  line  pass- 
ing through  Deming.  The  results  give  accurate  determinations  of 
latitude,  longitude,  and  altitude  of  various  points  which  are  briefly 
described  in  the  following  paragraphs.  More  detailed  descriptions 
are  given  in  the  Coast  Survey  report.^ 


Stations  established  by  United  States  Coast  and  Geodetic  Survey  in  Luna 

County^  N.  Mex, 


Name. 


Cooks  Peak 

Florida 

Hermanas 

Red  FMountainl 

Dcming,  south  base 

Deming,  north  base 

Deming,  city  waterworks 

Near  [Sierra  Kica] 

Boundary  monument  31,  top  of  masonry  ba -(^ 
Boundary  monument  32,  Ujp  of  masonry  btvsi^. 
Boundary  monument  39,  top  of  masonry  base 
Boundary  monument  40,  top  of  masonry  base 

Black  Mountain  (cairn) 

Cone  [Vict«rio  PeakJ 


Latitude. 


32 
32 
31 
32 
32 
32 
32 
31 
31 
31 
31 
31 
32 
32 


/         // 

32    9.648 

7    l.ivM 

48  11.577 

13    .ma 

3  .447 
10  19. 489 
16  10.  ti06 
47  23.  753 
47  1.169 
47  1.200 
47  1.260 
47  1.265 
19  59.0 
12    2.71 


Longitude. 


/f 


107 

43  52. 419 

107 

37  36.040 

107 

56  52.  :m 

107 

63  3L  66.1 

107 

50  14. 406 

107 

45  21. 268 

107 

46  1.310 

108 

11  3.844 

107 

55  45. 394 

107 

57  18. 025 

108 

11  11.468 

lOH 

12  29. 503 

107 

53  1.  10 

108 

6  32,8 

Elevation. 


Afeters. 

2,562.9 

2,145.0 

l,6n.O 

1,65L4 

1,280.4 

1,30L0 

♦1,324.9 

1,649.4 

« 1,437 

*  1,495 

1.534.2 
♦1.501.4 
«I.<';J8.7 

i,5ia4 


Feel. 
8,408.45 
7,037.30 
6,285.42 
6,417.97 
4,20a78 
4,268w36 
64.346.77 
5,411.41 
4,714.56 
4,904.85 
5  033.45 
4,925.84 
5,  .376. 30 
4.955.37 


a  Not  checked. 

b  United  States  Geological  Survey  gives  4,345.802  feet. 

The  elevations  marked  *  were  determined  by  spirit  leveling  by 
other  surveys,  and  the  error  is  believed  to  be  not  more  than  2  inches. 
The  elevation  at  the  Deming  waterworks  is  that  of  bench  mark  234, 

*  Bowie,  William,  The  Texas-Calif omia  arc  of  primary  triangulation :  U.  S.  Coast  and 
Geodetic  Survey  Special  Pub.  11,  1912. 
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established  by  the  United  States  Geological  Survey,  and  this  was 
used  as  a  datum  after  adding  0.97  foot  to  accord  with  the  elevation 
at  El  Paso.  The  possible  error  in  the  other  elevations,  determined 
by  reciprocal  vertical  angles,  range  from  4  to  35  inches.  The  eleva- 
tion given  for  the  top  of  the  masonry  base  of  monument  31  is  not 
deduced  from  reciprocal  angles  and  may  have  an  error  of  several 
feet.  The  international  boundary  survey  gives  1,433.5  meters  for 
this  monument,  with  a  possible  error  of  1  meter,  1,487.8  meters  for 
monument  32,  1,518.4  meters  for  monument  39,  and  1,494.2  meters 
for  monument  40,  all  determined  by  spirit  levels  along  the  boundary 
line.  Black  Mountain  and  cone  [Victorio  Peak]  were  measured  by 
angles  from  the  two  Deming  bases.  The  elevation  stations  are  as 
follows : 

Cooks  Peak:  Summit  marked  by  brass  disk  having  for  refer- 
ence mark  a  cross  cut  in  rock  about  35  feet  away. 

Florida :  On  a  flat-topped  knob  in  a  saddle  about  midway  between 
the  high  rock  peak  to  the  north  and  the  round-top  peak  to  the  south, 
about  500  yards  south  of  the  highest  rock  peaks  at  the  north  end  of 
the  Florida  Mountains.  Station  marked  by  a  brass  disk  having  for 
reference  mark  a  cross  cut  in  rock  about  15  feet  away. 

Hermanas:  On  the  highest  one  of  four  summits  of  the  Carriza- 
lillo  Hills  3  miles  S.  5°  E.  from  Hermanas,  marked  by  a  brass  disk 
having  for  reference  mark  a  cross  cut  on  large  bowlder  about  35 
feet  away. 

Red :  Marked  by  brass  disk,  about  20  paces,  a  little  north  of  east 
of  highest  point  of  Bed  Mountain. 

Deming,  south  base :  About  15  miles  southwest  of  Deming,  1  mile 
S.  85°  E.  from  Midland  station,  on  F.  W.  Schweiyer's  ranch.  If 
miles  N.  75°  E.  from  ranch  house  and  windmills  of  R.  W.  Yeargins. 
The  place  is  marked  by  a  brass  cap  on  a  3-inch  iron  pipe  set  in  the 
top  of  a  cylinder  of  concrete  20  inches  in  diameter  and  24  inches 
long,  set  flush  with  the  ground.  There  is  also  an  underground  mark 
set  in  a  concrete  column  and  a  reference  mark  a  short  distance  south- 
east. 

Deming,  north  base:  About  6  miles  south  of  Deming,  near  the 
center  of  sec.  34,  T.  24  S.,  R.  9  W.  It  is  marked  in  same  manner  as 
the  south  base,  with  reference  mark  about  50  feet  distant  a  little 
east  of  north. 

Near:  On  the  easternmost  limestone  peak,  1  mile  west-northwest 
of  the  International  mine,  5  miles  S.  33°  W.  from  Victorio  station, 
marked  by  brass  disk  set  in  rock  having  for  reference  mark  a  cross 
cut  in  rock  about  13  feet  southeast. 

Boundary  monuments:  Nos.  39  and  31  are  iron  monuments  on  the 
international  boundary ;  No.  32  is  a  stone  monument  4  miles  south  of 
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Hermanas,  on  the  highest  point  of  the  boundary  line,  where  it  crosses 
the  Carrizalillo  Hills;  and  No.  40  is  at  the  angle  where  the  boundary 
turns  to  the  south,  2^  miles  west  of  the  International  mine. 

Deming  waterworks:  High  red  tank  in  northwestern  part  of 
Deming,  with  United  States  Geological  Sur\'ey  bench  mark  234  a 
short  way  south,  which,  with  0.97  foot  added,  is  used  to  control  the 
vertical-angle  elevations  of  all  the  triangulation  stations  in  this 
vicinity. 

RAILBOAD  PROFILES. 

Leveling  by  the  Southern  Pacific  Co.  has  given  the  following  ele- 
vations at  points  from  Cambray  to  Deming.  (For  Deming  to 
Quincy,  see  United  States  Geological  Survey  levels,  pp.  174-176.) 

Feet 

Came 4, 188. 73 

Luxor 4, 273. 98 

Deming  station  (U.  S.  G.  S. 

4,335.81) 4,331.95 

In  the  following  list  of  elevations  along  the  El  Paso  &  South- 
western Eailroad  in  Luna  County  the  figures  are  those  given  by  the 
company  and  are  not  adjusted.  The  level  line  begins  in  the  station 
at  El  Paso,  with  an  initial  altitude  of  3,714.6  feet  (3,724  feet  accord- 
ing to  the  United  States  Geological  Survey,  and  about  3,726  feet 
according  to  the  Coast  and  (jeodetic  Survey). 


Feet. 

Cambray 4,225.0 

Akela 4,168.3 

Myndus  _1 4, 149. 3 


Feet. 

Dona  Ana-Luna  Oounty  line 4, 142 

Arena  station 3,953 

Milepost  66 3,980 

Mllepost  70 3,999 

MUepost  71 4,001 

Mllepost  72 4,001 

Milepost  73 4,027 

Columbus  station 4,054 

Summit   one-half  mile  east  of 
Mimbres 4,341 

The  following  elevations  along  the  Deming  branch  of  the  El  Paso 
&  Southwestern  Railroad  were  taken  from  a  profile  prepared  by  the 
company : 


Feet 

Mimbres  station 4, 340 

Valley  bottom  6i  miles  west  of 

Mimbres 4, 215 

Hermanas  station 4,448 

Carrizalillo  Spring  (water  sur- 
face)  4,  515 

Summit  at  milepost  97 4,594 

Victorio  station 4.568 

Grant-Luna  County  line 4,693 


Feet 
Deming       yards.       Joining 

Southern  Pacific  R.  R *  4, 350. 00 

MUepost  123  from  El  Paso 

( down  grade  south ) 4, 334.  55 

Milepost  122 4,332.02 

Milepost  121 4,327.83 

Mllepost  120 4,319.50 


Feet. 

Milepost  118 4,300.61 

Mllepost  117 '4,290.50 

Milepost  116 ■4,284.00 

Milepost  115 •4,267.00 

Hondale  (114.94  miles) 4, 266. 93 

Mllepost  114 ■4,26L00 

Milepost  113 '4,235.00 


Mllepost  119 ■4,314.00  I  Mllepost  112 4,227.90 


^  About  5  feet  lower  than  the  elevation  given  by  the  United  States  Coast  and  Geodetic 
Survey. 
*  Interpolated  from  near-by  points. 


ELEVATIONS. 


179 


Feet. 

MUepost  111 M,  211. 00 

Mllepost  110 4,209.01 

MUepost  100 *  4, 195.00 

Midway  (108.96  miles) M,  194.00 

Arroyo    crossing    (foot    of 

grade) .  4,190.99 

MUepast     108     (up     grade 

south) '4.199.00 

Mllepost  107 '4,204.00 

Mllepost  106 M,217.26 

MUepost   105 M,  225. 00 

MUepost  104 *  4, 238. 75 


Feet. 

MUepost  103 4,266.62 

Tomerlln  (102.65  miles)  _^_  '4,272.00 

Mllepost  102 U,  300. 00 

Mllepost  101 4,330.70 

MUepost  100 M,  355. 00 

Mllepost  99 '4,362.00 

Mllepost  98 4,382.02 

Mllepost  97 4,382.02 

Mllepost  96 4,390.02 

MUepost  95 M,  400.00 

MUepost  94 '4,438.00 

Herraanas  (93.41  miles) 4,448.65 


LEVEIi  LINE  FROM   DEMIKG  ALONG  GRADE  BOAD   TO  MEXICAN 

BOTJNDABY. 

In  the  spring  of  1913  a  line  of  levels  was  run  by  R.  C.  Seitz 
from  the  Santa  Fe  Railway  station  at  Deming  to  and  along  the 
grade  road  to  the  international  boundary  and  joined  to  boundary 
monument  23.  It  was  also  tied  to  the  ^^ north  base''  of  the  Coast 
and  Geodetic  Survey,  and  the  figures  given  below  are  reduced  to 
that  datum  by  distributing  a  discrepancy  of  1.56  feet  between  that 
place  and  Deming  station.  The  elevation  of  Deming  station  is 
given  as  4,335.553  feet  by  the  United  States  Geological  Survey,  and 
a  correction  of  0.97  foot  is  added  to  bring  it  into  accord  with  the 
Coast  Survey  figure  for  the  United  States  Geological  Survey  bench 
mark  at  the  waterworks.  At  the  south  end  the  tie  to  monument  23 
is  very  close,  where  13  feet  is  added  to  the  Boundary  Commission's 
determination,  4,000.65  feet.  This  figure  (13  feet)  is  the  mean  dis- 
crepancy found  by  the  United  States  Geological  Survey  at  El  Paso 
and  in  southern  Arizona,  and  if  it  is  correct  it  indicates  that  the 
level  line  down  the  grade  road  tied  2.34  feet  too  high.  This  13- 
foot  correction  is  not  very  useful,  however,  for  the  Coast  Survey 
determinations  of  altitude  of  monuments  32,  39,  and  40  indicate  much 
higher  figures.  Therefore  in  the  following  table  it  will  be  assumed 
that  the  level  line  by  Mr.  Seitz  is  correct  from  "north  base"  to 
monument  23  with  the  altitude  of  the  latter  at  4,015.94  feet: 

DemiDg  (Atchison,  Topeka  &  Santa  Fe  Railway  depot),       peet. 

top  of  rail 4,3.%.5 

Grade  road  at  cros.sing  of  railway  tracks 4,335.0 

Line  between  T.  23  S/and  T.  24  S__.  _  _ 

CJorner  of  sees.  2,  3,  10,  and  11,  T.  24  S.,  H.  9  W_ ..  .  . 

Ck)rner  of  sees.  10,  11,  14,  and  15 _„_ 

Corner  of  sees.  14,  15,  22,  and  23 . 

Line  between  sees.  23  and  26.- 

Line  between  sees.  26  and  35. .    _  _ . 


-  -     4,  318.  8 

-     4,  309.  6 

-       4,  301.  2 

-     4,295.2 

4,  280.  5 

-     4.  267.  3 

*  Interpolated  from  near-by  points. 


180 


LUNA  COUNTY,  NEW  MEXICO. 


Feet. 

"  North  Base,"  near  center  of  SE.  i  sec.  34 4, 268. 4 

Line  betwen  T.  24  S.  and  T.  25  S *4,253.  5 

Ck)rner  of  sees.  1,  2, 11,  and  12,  T.  25  S.,  R.  9  W 4, 243. 5 

Line  between  sees.  12  and  13 4, 233. 9 

Line  between  sees.  13  and  24 4, 222. 5 

Line  between  sees.  24  and  25 4,218.0 

Bottom  of  grade  in  east-central  part  of  sec.  25 4, 216. 5 

Line  between  sees.  30  and  31,  T.  25  S.,  R.  8  W 4, 228. 0 

Top  of  grade,  west-central  part  of  sec.  31 4,241.0 

Line  between  T.  25  S.  and  T.  26  S 4, 230. 5 

Line  between  sees.  1  and  12,  T.  26  S.,  R.  9  W 4, 236. 4 

Line  between  sees.  7  and  18,  T.  26  S.,  R.  8  W 4, 217. 5 

Line  between  sees.  18  and  19 4, 183. 5 

Line  between  sees.  19  and  30 4,162.8 

Line  between  sees.  30  and  31 4,148.7 

Line  between  T.  26  S.  and  T.  27  S 4. 131. 1 

Line  between  sees.  5  and  8,  T.  27  S.,  R.  8  W 4, 118. 8 

Line  between  sees,  8  and  17 4,112.5 

Palomas  Arroyo  (bottom) 4,102.5 

Line  between  sees.  17  and  20 4, 154. 0 

Corner  of  sees.  20,  21,  28.  and  29 4, 182. 5 

Line  between  sees.  28  and  33 4,000.5 

Line  between  T.  27  S.  and  T.  28  S 4, 204. 5 

Top  of  grade  near  center  of  sec,  4,  T.  28  S.,  R.  8  W 4, 205. 5 

Line  between  sees.  4  and  9 4,205.3 

Corner  of  sees.  9,  10,  15,  and  16 4, 196. 2 

Line  between  sees.  15  and  22 4,176.5 

Line  between  sees.  22  and  27 4, 123. 2 

Line  between  sees.  27  and  34 4,088.0 

Columbus  station "4.063.3 

Line  between  T.  28  S.  and  T.  29  S 4, 037. 7 

Line  between  sees.  2  and  11,  T.  29  S.,  R.  8  W 4, 003. 0 

Line  between  sees.  11  and  14 3, 991. 1 

International  boundary 3, 997. 1 

Monument  23 4,014.2 


ELEVATIONS'  OF  MONITMENTS  ALONG  INTEBNATIONAL 

BOUNDABY. 

In  the  final  survey  of  the  boundary  between  Mexico  and  the  United 
States  a  spirit-level  line  was  run  and  elevations  of  the  boundary 
monuments  and  other  points  near  by  were  determined  with  precision. 
A  topographic  map  published  with  the  report  of  the  Boundary  Com- 
mission shows  the  topography  by  contour  lines  with  20-meter  inter- 
vals in  a  narrow  zone  along  the  line,  and  the  following  list  of  eleva- 
tions of  monuments  is  printed  in  the  report.  The  elevations  were 
given  in  meters  and  represent  the  tops  of  the  masonry  bases  of  the 

1  Iron  pont  near  thiH  point  Ir  marked  "4254." 
■Railroad  profile  gives  4,054  feet. 


ELEVATIONS. 


181 


monuments.  As  a  portion  of  the  line  was  run  before  the  monuments 
were  set  there  are  possible  errors  in  some  of  the  figures,  as  shown  by 
the  footnotes.  The  line  began  at  the  bench  mark  of  the  Southern 
Pacific  Railroad  at  El  Paso,  which  was  later,  when  the  level  line 
reached  the  Coast  Survey  bench  mark  at  San  Diego,  found  to  be 
marked  2.62  meters  too  high.  Apparently  from  the  statement  in  the 
report  the  elevations  are  reduced  to  mean  tide  level  at  San  Diego. 
In  the  Coast  Survey  work  in  this  area  vertical  angles  were  taken  to 
and  from  monuments  32,  39,  and  40,  which  were  found  to  be  respec- 
tively 23.6,  51.8,  and  23.6  feet  higher  in  altitude  than  the  figures 
given  by  the  commission.  Monument  31  was  sighted  and  found  to  be 
about  19  feet  higher.  The  Coast  Survey  also  found  monument  2, 
near  El  Paso,  to  be  given  as  12.47  feet  too  low,  and  the  United  States 
Geological  Survey  found  at  monuments  1,  3,  88,  and  92  elevations 
averaging  13  feet  higher  than  those  given  by  the  Boundary  Com- 
mission. 

Elevations  of  tnonumenta  on  international  boundary  along  Luna  County  line. 


Na 


14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 


Elevation. 


Meters. 


1,319.3 
1,28a  1 
1,269.7 
1,202.6 
1,205.6 
1,20&4 
1,211.0 
1,213.1 
1,212.9 
1,219.4 
1,259.3 
1,297.7 
1,315.8 
1,294.8 


Feet  a 


4,328.40 
4, 199. 79 
4,165.67 
3,944.22 
3,955.04 
3,964.56 
3,973.09 
3,979.98 
3,979.32 
4,000.65 
4, 131. 55 
4,257.54 
4,316w92 
4,248.02 


Possible 

error 
(meters). 


as 


1.0 


1.0 


No. 

Elevation. 

Meters. 

Feet  a 

28 

1,306.0 

l,2?i.6 

1,271.7 

M,433.5 

c  1,487. 8 

1.387.6 

1,387.2 

1,346.2 

1,347.2 

1,384.7 

l,458w8 

d  1,618. 4 

« 1,494. 2 

4,284.77 
4, 175. 19 
4,172.23 
4,702.42 
4,881.22 
4,552.48 
4,551.17 
4,416.65 
4,419.93 
4,542.97 
4,786.08 
4,981.62 
4,902.22 

29 

30 

31 

32 

33 

34 ^ 

36 

36 

37 

38 

39 

40 

Possible 

error 
(meters). 


as 


1.0 


.5 


2.0 
2.0 


a  United  States  Oeolocdcal  Survey  elevations  at  El  Paso  and  vest  are  13  feet  higher. 
b  Coast  and  Oeodetio  Survey  gives  1,437.0  meters;  may  be  a  few  meters  in  error. 
e  Coast  and  Ctoodetio  Survey  gives  1,95.0  meters. 
d  Coast  and  Geodetic  Survey  gives  1,534.2  meters. 
•  Coast  and  Ctoodetio  Survey  gives  1,501.4  meters. 
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AggJonuratA 45-BO 

Akels,  elevation  of 178 

Alexander  miiie,  description  of 106 

Andeelte,  distribution  of,  map  showing . .  In  pocket. 

occarreDoe  and  charaoter  of SS-S6 

Aroo  del  Diablo,  rooks  near 61 

section,  structural,  of 74 

Arena,  elevation  of 178 

bills  near,  structure  of 96-07 

underground  water  at 12S 

analyBlsof 126 

wells  near 156 

Aneolc,  oecurrenoe  of 104 

Atkln,etovatloo8atandnear 176 

B. 

Bailey  Item,  IrrlgatSon  at 164 

pumping  at 167 

well  at 144,164 

Baker  lanch,  irrigation  at 170 

pumping  at,  test  oL 16(^170 

weUat 160-170 

Basalt,  distributfon  of,  map  showing ...  .In  pocket. 

occurrence  and  character  of 60-60,66-68 

Berryman's  place,  underground  water  at . . ..     131 

Birchfleld  ranch,  underground  water  at 124 

underground  water  at,  analysis  of 124, 125 

wellsat 163,154,156 

Bisbee,  wells  near 158 

Black  Mountain,  elevatkm  at. 176 

location  of 13 

rooks  of 48,66,67 

structure  of. 90-01 

view  of 16 

Black  Top,  rooks  of 81 

Bliss  sandstone,  character  and  distribution  of.  23-25 

correlation  of 24-25 

distribution  of,  map  drawing In  pocket. 

Bolaon  deposits,  charaoter  of 1^14 

dlstributton  of. 50-51 

map  showing In  pocket 

Boundary,  international,  elevatfens  on ... .  180-181 

Bowman  ranch,  irrigation  at 161 

pumping  at 166-167 

well  at 134,161 

Brack  ranch,  well  at 120 

Bradshaw  &  MoBride  well,  deacrtptfon  of. . .    133- 

134,161 

irrigation  Ikom 161 

Bricks,  clay  for 110 

Brlght,M.S.,levelanmby 174-175 

Building  stonoy  developments  in 110 

Bumpass  well,  water  in 133 

Burdiard,  E.  F.,  and  Darton,  M.  H.,  on 

fhiorite  deposits lOfwioo 
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Burdfck  HUls,  k)cation  of 10 

rocks  of 40,56,57 

structure  of 07 

Burdiek  ranch,  irrigation  at 161 

wellsat 127,150 

Byer  Spring,  location  of 113 

C. 

Caliche,  accumulation  of. 116 

Oambiay,  elevation  of 178 

predpitatlon  at 15,17 

temperatnreat 17 

underground  water  at 124 

analysisof. 124,125 

Cambrian  rocks,  oocurrenoe  and  character  of.      10, 

23-26 

Cambrian  time,  events  in. 98-00 

Capillary  action,  depletioo  of  ground  water 

by 116 

Capitol  Dome,  rooks  of. 21, 

22,24,26-26,30-40,50,61,62 

section,  fltiatigraphle,  at 40,47 

structure  at 73,74,75-77 

view  of 18 

Carboniferous  rooks,  ocourrence  and  character 

of io,8»-ao 

Carboniferous  time,  events  in 90 

Came,  elevation  of 178 

irrigation  near 162 

wells  near 148-154,162 

reoordsof. 140-158 

CarrisaliUo  Bills,  elevation  in 176,177 

location  of 18 

mineral  deposits  of 106 

structure  of. 04 

CarrisaliUo  Spring,  description  of 118 

elevation  of. 178 

water  of 125 

analysisof. 126 

Carver,  A.  R.,  levels  run  by 175-176 

Case  ranch,  well  at 127 

Case,  R.H.,  well  data  by 114 

Cedar  Orove  Mountains,  description  of 18 

rocksof 56,57,58,50,66,67 

structure  of. 99-04 

China  Tank,  rocks  near. 61 

Cincinnati  mine,  production  of 106 

Climate,  nature  of 15-17 

Coast  and  Geodetic  Survey,  triangulation  by.     176 
Colorado  shale,  character  and  distributfen  of.      10, 

44-45 

distribution  of,  map  drawing, In  pocket 

fossils  lh>m 45 

Columbus,  irrigation  near 164-165 

punq>ingnear 167,168 

183 


184 
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Columbus,  uodergroand  water  Dear.  120, 121, 124-125 

analysis  of 124-125 

wellsnear 142-147, 160, 164-1G5 

view  of 140 

Comanche  age,  limestones  of 19,42 

limestones  of,  correlation  of 42 

distribution  of,  map  showing In  pocket. 

fossilsfrom 42 

8u  aUo  Sarten  sandstone. 

Connaway  well,  water  In 161 

Connor  well,  description  of -. 149 

Cooks  Peak,  elevation  of 176,177 

view  of 12 

Cooks  Peak  district,  metal  deposits  of 102-103 

springs  in 113 

Cooks  Range,  description  of 13 

rocks  of 21,24,26-28, 

30-35, 37, 40-41, 43, 48, 52^56, 5»n59 

analysis  of 53-54 

section,  stratigraphic,  at 33 

structure  of 68-73 

view  of 12,14 

Copper,  occurrence  of 106, 107-108 

production  of 102 

Cow  Cone,  rocks  of 65 

structure  of 95 

Cow  Creek,  description  of. 14 

Cow  Spring,  description  of 113 

Cow  Spring  Hills,  location  of 13 

rocks  of.. ^ '. 65,66,67 

structure  of 95-96 

Cox  ranch,  wells  at 157 

Gretaoeous  rocks,  occurrence  and  character 

of. 19,41-45 

Cretaceous  time,  events  in 100-101 

D. 

Pacite,  occurrence  and  character  of 64-^ 

Darbyshire  well,  water  in 137 

Darton,  N.  H.,  work  of 9 

Deene  farm,  pumping  at,  test  of 160,171 

weUat 171 

log  of 171 

Deming,  ditch  near,  view  of 131 

elevations  at  and  near. . . . .  174-175, 176-178, 179 

irrigation  near 160-162 

views  of 131,160 

precipitation  at 1 15-16 

pumping  at  and  near 166-167,168 

sections,  st^Eltigraphic,  at  and  near. . .  60-51, 116 

temperature  at 17 

underground  water  near 115, 

117-118,120,121,124 

analysisof 124,125 

level  of,  sections  showing 116 

wellsnear 128-129,159 

views  of 130 

Deming  folio,  preparation  of 9 

DeRosear  ranch,  irrigation  at 165 

well  at 145 

Desot,  watering  place  In,  view  of 140 

Devonian  rocks,  occurrence  and  character  of.      19, 

31-32 

Devonian  time,  events  in 09 

Diorite,  occurrence  and  character  of 66 

Dixon  well,  description  of 141 
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Drainage,  description  of 14,111-112 

Duty  of  water,  variation  in 165-166 

E. 

Easley,  elevations  at  and  near 174 

Elevations ,  record  of 173-181 

El  Paso  limestone,  character  and  distribu- 
tion of 19,25-27 

correlation  of 27 

distribution  of,  map  showing In  pocket. 

foss  ils  from 27 

SI  Paso  mine,  ore  in 103 

Engendorf  ranch,  irrigation  at 165 

wells  at 146 

English  well ,  water  in 145 

Ernst  ranch,  well  at 161 

Evaporation,  rate  of 116 

F. 

Faulting,  character  and  distribution  of 68, 

60,71-79,83,86-87 

distributfon  of,  map  showing In  pocket. 

Faywood,  elevations  at  and  near 175 

Pelsitic  rhyolite 64-65 

Florida,  elevations  at  and  near 174, 176, 177 

wellsnear 155 

Florida  I^ke,  irrigation  from 173 

Florida  Mountains,  description  of 13 

elevation  in 177 

metal  deposits  of 107-106 

rocks  of 20,23,24,26-28,39,46-47,65,59 

section,  stratigraphic,  at 47 

springs  in 1 13 

structure  of 7i-77 

views  of 12,13,131,140 

Fluorite,  deposits  of 108-109 

deposits  of,  analysis  of 100 

Fluorite  Ridge,  mineral  deposits  of 108-109 

rocks  of 21-22,24,25,32,34, 52-53 

structure  of. 85-88 

Fluor  mine,  wells  near 153 

Fort  Cummtngs,  rocks  near 66-57, 

58,50-60,62-63,66-67 

springs  near 1 13, 1 14 

view  of 13 

structure  n^r 70, 72 

Fourmile  Hills,  location  of. 13 

rocks  of 56, 57 

Fowler  ranch,  well  at,  irrigation  from 164 

Fryingpan  Spring,  descript  ion  of 114 

Fusselman limestone,  character  and  distribu- 
tion of 19,30-31 

correlation  of 81 

distribution  of,  map  showing In  pocket. 

fossilsfrom 31 

O. 

Qage,  elevations  at  and  near 176 

precipitation  at 15-17 

temperature  at 17 

underground  water  at 121,124 

analysisof 124,125 

wellsnear 156 

Qansirer,  H.  F.,  well  reoord  by 50-51 

Oamet,  deposits  of Ill 

Geologic  history,  outline  of 07-102 

Geology,  map  showing Xnpookat. 
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Oibsoo  ranch,  well  at,  Irrigation  from 105 

Oirty,  G.  II.,  fossils  determined  by . . . .  34, 35. 38-^0 

Glasser  rancb,  irrigation  at 162 

Ooat  Ridge,  location  of 89 

structure  of. 88 

Gold,  occurrence  of 106 

production  of 102 

Ooodsight  If  ountains,  description  of 13 

rocks  of 66,67 

structure  of 89-90 

Ooodsight  Peak,  view  of 13 

Gordon,  C.  H.,  on  mines  of  district 103 

Graham  ranch,  pumping  at,  test  of 160, 170 

weUat 170 

Grandmother  Mountains,  description  of 13 

rocks  of  and  near 62,65 

structure  of 95 

Granite.    See  Pre-Cambrlan  rocks;  Porphy- 
ritic  rocks. 

Granite  porphyry 54 

Gray  Butte,  rocks  near 61 

Guano,  deposits  of. 82,111 

Gym  limartone,  character  and  distribution 

of 19,35-38 

distribution  of,  map  showing In  pocket. 

fossils  from 38-39 

Gym  Peak,  rocks  of 24,26,35-36 

structure  near 74-76 

H. 

nail  ranch,  well  at 155 

Hallock  ranch,  well  at 145 

Hancock  mine ,  ores  of 106 

Hansen  ranch,  well  at 146 

Hayes  ranch,  well  at 149 

Hermanas,  elevations  at  and  near..  170, 177, 178, 179 

Hicks  ranch,  irrigation  at 161 

well  at 130 

Hill,  J.  M. ,  on  International  mine 106-107 

Hines  ranch,  well  at,  irrigation  from 163 

History,  geologic,  outlbie  of 97-102 

Hockett,  elevations  at  and  near 174 

Hollinsheed  ranch,  pumping  at,  test  of 1G9, 171 
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C.  R.  Jones,  of  the  Producers  Oil  Co. ;  O.  A.  Wright,  manager  of  the 
Atlas  Oil  Co. ;  F.  M.  Hutchinson,  president,  and  R.  B.  Nash,  of  the 
land  department  of  the  Higgins  Fuel  &  Oil  Co.;  B.  F.  Rodgers, 
manager  of  the  Rodgers  Oil  &  Gas  Co. ;  W.  E.  Morris,  manager  of 
the  Cloverleaf  Oil  Co. ;  Carl  Lemon,  Vivian  Oil  Co. ;  S.  A.  McCune, 
superintendent  of  the  Arkansas  Natural  Gas  Co.  at  Vivian;  D.  C. 
Richardson,  of  the  Richardson  Oil  &  Gas  Co.;  Heilprin  &  Shrop- 
shire, W.  C.  Augurs,  and  William  L.  Henning. 

LOCATION. 

The  Caddo  oil  and  gas  field  is  on  the  Gulf  Coastal  Plain  in  Caddo 
Parish,  La.,  and  extends  from  Louisiana  a  short  distance  westward 
into  the  eastern  part  of  Marion  County  and  the  northeast  corner  of 
Harrison  County,  Tex.  (See  fig.  1.)  The  producing  wells  occupy  an 
area  extending  northwestward  from  Mooringsport,  La.,  for  about  12 
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miles  and  a  long,  narrow  belt  extending  nearly  10  miles  northeast- 
ward from  the  north  end  of  the  main  field.  The  belt  which  contains 
the  most  productive  wells  is  not  more  than  12  miles  in  extreme  length, 
and  the  large  producing  wells  are  scattered  through  a  strip  4  to  5 
miles  wide,  extending  from  Mooringsport  to  the  north  end  of  the  field. 


FiouRi  1. — Index  map  of  Louisiana  showing  the  location  of  the  Caddo  oil  field. 

The  area  has  been  divided  into  seven  districts  that  merge  more  or 
less  closely  into  each  other.  The  Mooringsport  district  lies  near  the 
town  of  that  name,  and  the  Oil  City  district,  likewise  named  for  a 
town,  adjoins  the  Mooringsport  district  on  the  north.  West  of  the 
Oil  City  district  is  the  Jeems  Bayou  district,  and  north  of  this  is  the 
Monterey  district,  which  in  this  report  is  extended  southward  to 
include  the  Harts  Ferry  district.  The  Vivian  district  extends  from 
the  vicinity  of  the  town  from  which  it  takes  its  name  northeastward 
to  Hosston,  a  somewhat  detached  area  east  of  Oil  City  takes  its 
name  from  Black  Bayou,  and  an  area  northeast  of  Oil  City  is  known 
as  the  Pine  Island  district. 

The  conditions  in  the  area  south  of  the  Caddo  oil  and  gas  field 
favor  the  accumulation  there  of  a  large  volume  of  gas  and  some  oil. 
The  areas  that  have  been  tested  are  limited  to  the  city  of  Shreve- 
port,  where  some  good  gas  wells  have  been  drilled,  and  the  vicinity 
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of  Naborton,  Bayou  Pierre,  and  Red  River,  where  both  gas  and  oil 
have  been  encountered  and  where  small  areas  have  been  very  pro- 
ductive. It  is  possible  that  other  pools  may  be  found  between  those 
already  developed,  but  no  favorable  localities  have  yet  been  pros- 
pected. Close  to  these  producing  fields  there  is  considerable  unde- 
veloped territory  that  might  warrant  exploitation. 

HISTORY. 

Natural  gas  has  been  known  at  Shreveport  for  more  than  a  quar- 
ter of  a  century,  though  its  exploitation  at  that  locality  was  not 
begun  until  1912,  after  large  gas-producing  areas  had  been  developed 
in  the  northern  part  of  Caddo  Parish.  Gas  is  now  obtained  from 
wells  in  a  zone  extending  from  Vivian  and  Hosston  southward  to 
and  beyond  Mooringsport.  It  is  found  as  far  west  as  Jeems  Bayou 
and  nearly  as  far  east  as  Dixie,  though  the  best  producing  territory 
lies  between  Black  and  Jeems  bayous. 

The  Caddo  gas  field  supplies  natural  gas  to  Shreveport,  La.,  Mar- 
shall, Tex.,  and  Texarkana,  Little  Rock,  and  several  other  cities  in 
southwestern  Arkansas.  Since  the  supply,  though  large,  is  not  inex- 
haustible, its  proper  utilization  and  conservation  has  become  a  matter 
of  concern  not  only  to  the  companies  having  money  invested  in  wells 
and  pipe  lines  but  also  to  the  citizens  of  the  region  supplied  from  the 
field. 

The  production  of  oil  in  1906  was  only  3,358  barrels,  which  is 
considerably  less  than  was  obtained  in  a  single  day  by  some  of  the 
large  companies  during  the  spring  of  1913  and  falls  far  below  the 
maximum  daily  output  of  the  new  field  in  De  Soto  Parish.  The 
production  fluctuates  greatly,  being  influenced  chiefly  by  success  in 
drilling,  a  single  large  well  frequently  more  than  doubling  the  out- 
put of  a  company.  The  field  has  produced  a  large  amount  of  oil 
and  there  is  reason  to  believe  that  there  is  still  much  remaining.  The 
statistics  given  below  have  been  compiled  by  the  division  of  mineral 
resources  in  this  Survey. 

Petroleum  production  in  the  Caddo  district,  La. 


Barrels. 

1906 3, 358 

1907 *  50, 000 

1908 499, 937 

1909 1,028,818 

1910 5, 090, 793 


Barrels. 

1911 6, 995, 828 

1912 7, 177, 949 

1913 9, 628, 177 

1914 7, 572, 254 


In  this  field  there  have  been  several  disastrous  fires,  resulting  in 
nearly  continuous  loss  of  gas  and  periodic  losses  of  oil.  Burning 
gas  wells  have  been  especially  numerous,  because  the  early  gas  wells 
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were  imperfectly  finished,  and  if  once  they  caught  fire  it  was  extin- 
guished with  difficulty.  One  of  the  earliest  burning  gas  wells,  Pro- 
ducers No.  2,  blew  out  in  May,  1905,  the  gas  escaping  around  the 
casing  for  a  distance  of  several  hundred  feet  and  forming  a  mud  vol- 
cano by  loosening  the  earth.  Another  well  that  attracted  considerable 
attention  was  just  west  of  the  Kansas  City  Southern  Sailway  track. 
Probably  the  best  known  of  the  burning  gas  wells  was  the  one  in 
sec.  7,  a  short  distance  southeast  of  Oil  City.  .This  well  burned  for 
several  years,  and  although  it  was  frequently  extinguished  its  pres- 
ence caused  enormous  loss  of  gas  and  lowered  the  pressure  of  other 
wells  in  the  Oil  City  district.  Until  recently  the  gas  from  this  well 
escaped  in  the  bottom  of  a  pond  of  water,  causing  constant  motion,  the 
waves  dashing  several  feet  into  the  air.  The  ignited  gas  formed  a 
striking  spectacle,  and  the  well  was  usually  kept  burning  to  evaporate 
the  salt  water  from  the  pond  and  prevent  its  overflowing  the  adjacent 
land.  The  loss  of  gas  was  stopped  in  the  summer  of  1913,  when  the 
State  conservation  commission,  with  the  assistance  of  the  oil  and 
gas  companies,  had  the  well  killed  by  drilling  a  well  near  it  to  reK 
lieve  the  pressure  and  then  pumping  mud  into  the  burning  well  until 
the  flow  of  gas  was  stopped.  An  attempt  will  be  made  to  avoid  simi- 
lar accidents  by  having  the  casings  cemented  at  the  bottom  so  as  to 
prevent  the  escape  of  gas  into  the  earth  surrounding  the  wells. 

The  most  noted  of  the  burning  oil  wells  was  the  Producers  Oil  & 
Gas  Co.'s  Harrell  No.  7,  in  the  SE.  i  sec.  7,  T.  21  N.,  K.  16  W.  This 
•  well,  which  had  a  very  large  flow  of  oil,  accidentally  caught  fire  and 
was  with  great  difficulty  brought  under  control.  This  fire  was 
probably  the  most  spectacular  one  that  has  ever  occurred  in  the 
field.  The  burning  of  the  Star  Oil  Co.'s  well  No.  3,  on  the  Louck's 
lease,  was  also  a  disastrous  fire,  and  probably  no  greater  ingenuity 
was  ever  shown  in  dealing  with  a  burning  well  than  was  displayed 
in  extinguishing  the  fire  at  this  well,  which  was  accomplished  by 
drawing  oil  from  the  well,  thus  lessening  the  amount  of  fuel  and 
making  it  comparatively  easy  to  smother  the  flames  with  steam.  The 
oil  was  drawn  by  running  trucks  carrying  a  pipe  line  into  the  flames 
and  forcing  the  end  of  the  pipe  over  the  connections  at  the  top  of  the 
casing.  Oil  then  flowed  through  the  pipe  and  was  collected  in  an 
earthen  tank  situated  beyond  the  reach  of  the  flames. 


CHABACTEB  OF  STJBFACE. 


A  large  part  of  the  Caddo  oil  and  gas  field  is  so  level  that  it  is 
very  imperfectly  drained.  The  largest  tract  of  flat  land  is  in  the 
vicinity  of  Oil  City,  from  which  it  extends  westward  to  Jeems 
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Bayou  and  northward  to  Lewis.  The  level  area  is  bordered  by  roll- 
ing hills,  the  remnants  of  an  upland  that  formerly  extended  across 
the  field.  Some  of  the  highest  hills  are  southeast  of  Vivian,  where 
small  areas  rise  more  than  300  feet  above  sea  level,  or  more  than  120 
feet  above  low  water  in  Caddo  Lake.  The  transition  from  the  low- 
lands to  the  hills  is  abrupt,  some  of  the  slopes  being  very  steep.  The 
most  notable  hill  in  the  vicinity  of  the  oil  field  is  at  the  south 
end  of  Potters  Point,  where  a  bluff  rises  more  than  130  feet  above 
the  level  of  ordinary  low  water  in  the  lake. 

ABBANGEHENT  OF  DRAIKAGR 

The  development  of  the  present  topography  began  when  this 
region  was  a  comparatively  level  upland  covered  by  formations  that 
have  since  been  removed  by  erosion.  Possibly  remnants  of  the 
original  upland  may  still  exist  on  the  tops  of  some  of  the  highest 
hills  that  now  surround  the  Caddo  oil  field,  but  in  most  places,  if 
not  in  all,  erosion  has  removed  the  materials  that  constituted  the 
surface  of  this  old  plain.  In  shaping  the  present  topography  the 
streams  followed  the  original  slopes,  so  that  the  locations  of  the 
principal  drainage  lines  were  in  a  measure  controlled  by  conditions 
that  existed  before  the  upland  was  greatly  eroded.  The  major 
streams  then  eroded  valleys  where  the  rocks  were  least  resistant,  and 
some  of  the  lines  of  least  resistance  coincided  with  axes  of  folds 
formed  during  an  earlier  geologic  period.  Thus  the  axis  of  the  old 
valley  from  the  Louisiana- Texas  line  nearly  to  Mooringsport  agreed 
in  position  and  direction  very  closely  with  the  axis  of  the  Caddo 
Lake  anticline.  This  coincidence  between  structure  and  direction  of 
the  drainage  accounts  for  the  relation  of  the  oil  pools  to  the  lake. 
The  positions  of  the  present  tributaries  of  this  stream  may  have 
been  influenced  somewhat  by  the  structure  of  the  underlying  for- 
mations, though  their  relation  to  the  structure  is  not  so  close  as  that 
of  the  stream  which  eroded  the  lake  basin. 

PLEISTOCENE  TEBBAGE. 

The  period  of  erosion  during  the  early  Pleistocene  and  late 
Pliocene,  when  the  principal  valleys  in  Louisiana  were  formed,  was 
followed  during  the  Pleistocene  by  a  period  when  drainage  was 
obstructed  by  a  relative  rise  of  the  level  of  the  sea,  which  invaded 
the  area  now  occupied  by  the  prairies  and  some  of  the  level  pine 
lands  in  southern  Louisiana  and  extended  far  up  the  rivers.  This 
invasion  of  the  sea  checked  the  velocity  of  all  the  streams  and  caused 
the  deposition  of  more  or  less  sand  and  clay,  which  filled  the  valleys 
above  their  earlier  levels.    In  places  where  the  sea  formed  estuaries 
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the  valleys  were  broadened  by  the  action  of  the  waves,  which  cut 
into  the  bluffs,  and  the  material  thus  eroded  away  was  deposited  in 
the  bottoms  of  the  estuaries,  producing  a  more  or  less  even  surface. 
This  submergence  may  have  extended  into  the  region  now  occupied 
by  the  Caddo  oil  field,  though  if  it  did  the  water  was  probably  only 
slightly  brackish,  because  of  the  volume  of  fresh  water  brought  in 
by  Red  River  and  its  tributaries.  The  extensive  plain  that  lies 
from  200  to  216  feet  above  sea  level  was  developed  during  this  period, 
and  it  is  upon  the  surface  of  this  plain  that  the  numerous  ''gas 
mounds"  are  found.  Subsequent  drainage  and  erosion,  together 
with  other  factors,  have  modified  the  details  of  the  topography,  but 
the  general  physiographic  features  have  remained  unchanged  since 
the  close  of  the  period  of  submergence. 

MOUNDS. 

Low  moimds  occur  on  the  level  lands  in  the  Caddo  oil  field  and, 
though  not  evenly  distributed,  are  numerous  in  the  flat  areas  and 
present,  though  less  common,  on  some  of  the  more  rolling  land. 
They  are  from  1  to  5  or  6  feet  high  and  5  to  50  feet  in  diameter,  and, 
though  roughly  circular,  a  few  appear  somewhat  irregular  because 
of  partial  overlapping  of  the  edges  of  smaller  mounds.  These 
mounds  are  composed  of  light-yellow  or  gray  loam  or  fine  sandy 
loam,  in  places  resembling  the  materials  a  few  feet  below  the  surface. 
They  are  separated  by  flat  or  basin-shaped  depressions  floored  with 
clay,  fine  sand,  or  sandy  loam.  Similar  mounds  may  be  seen  in 
places  on  the  level  lands  near  the  coast  in  Louisiana  and  Texas  and 
they  extend  northward  into  Arkansas,  Oklahoma,  and  Missouri. 

The  common  name  of  "gas  mounds"  conveys  the  idea,  which  is 
generally  accepted,  that  these  elevations  were  formed  by  gas  escaping 
from  below,  but  this  explanation  is  probably  incorrect,  though  it  is 
possible  that  a  few  of  them  were  formed  in  this  way.  Gas  has 
produced  similar  mounds  in  the  Caddo  field  by  passing  laterally 
through  the  subsurface  sands  and  escaping  through  some  weak  point 
in  the  surface  clays,  bringing  to  the  surface  some  of  the  sands  that 
formed  a  subsurface  stratum.  It  is  possible  that  marsh  gas  arising 
from  buried  vegetation  might  similarly  produce  some  low  mounds, 
though  the  construction  of  the  thousands  of  mounds  that  occur  on 
the  level  areas  would  require  more  gas  than  could  reasonably  be  ex- 
pected from  such  a  source. 

Several  other  theories  have  been  offered  to  account  for  these  mounds. 
.It  has  been  supposed  that  they  were  made  by  men,  by  animals,  by  the 
wind,  by  water,  and  by  pressure  of  the  surface  clays  on  subsurface 
sands.    The  wide  distribution  and  the  large  number  of  these  mounds 


GEOLOGY.  13 

proves  that  they  were  not  made  by  men.*  Somewhat  more  credible  is 
the  theory  that  they  were  made  by  animals,  and  of  these,  ants  seem 
a  more  probable  agent  than  burrowing  animals.  The  peculiar  dis- 
tribution of  the  mounds  in  large  numbers  where  the  surface  is  level 
makes  it  improbable  that  they  are  wind-made,  and  their  shape  and 
size  is  an  additional  objection,  because  the  wind  usually  builds  large, 
irregular  deposits  in  the  most  exposed  situations,  where  conditions 
are  most  favorable  for  its  activity.  There  is  a  further  objection  in 
the  fact  that  the  wind  acts  on  a  large  scale  only  in  regions  of  small 
rainfall  and  scanty  vegetation,  whereas  the  moimds  are  in  a  region 
where  rainfall  is  abundant  and  vegetation  luxuriant.  There  is,  more- 
over, good  reason  to  believe  that  uniform  climatic  conditions  have 
prevailed  since  the  formation  of  the  plains  that  carry  most  of  the 
mounds. 

The  theory  that  the  mounds  were  formed  by  erosion  does  not  ap- 
pear tenable,  because  the  effects  of  erosive  action  have  been  observed 
in  many  localities,  and  the  only  forms  even  remotely  approaching 
those  of  the  mounds  are  the  low  irregular  ridges  produced  by  floods. 
The  pressure  of  surface  clay  on  fine  sands  or  sandy  loam  filled 
with  water  might  cause  the  sands  to  be  forced  up  through  weak 
places  in  the  clays  to  form  mounds,  though  it  is  not  probable  that 
this  process  would  operate  on  a  scale  large  enough  to  produce  such  a 
great  number  of  mounds.  Probably  in  different  places  there  have 
been  several  agencies  at  work  to  produce  similar  results,  but  it  is  not 
possible  with  the  information  available  to  determine  the  origin  of  all 
the  mounds.  Of  all  the  agencies  suggested  the  best  explanation  of 
the  origin  of  a  large  number  of  mounds  seems  to  be  that  they  are  the 
work  of  ants.  The  chief  facts  of  economic  importance  are  that  most 
of  the  mounds  were  not  produced  by  gas,  and  that  even  though  they 
are  found  on  level  lands  in  gas  and  oil  fields  they  are  also  found  on 
similar  areas  where  there  is  littte  or  no  gas  or  oil. 

GEOLOGY. 

STBATIGBAFHY  AND  LITHOLOQT. 

GENERAL  GEOLOGIC  FEATURES. 

If  it  were  possible  to  examine  the  deposits  in  the  Caddo  oil  field, 
layers  of  sands,  clays,  and  limestones  would  be  found  arranged  one 
above  another  in  a  manner  similar  to  layers  of  masonry,  only  the 
layers  or  beds  of  the  natural  formations  vary  in  thickness  and  in  com- 
position. Near  the  surface  sands  and  clays  predominate.  In  some 
places  the  sands  are  arranged  in  lenses  or  thin  laminse  in  the  clay ;  in 
other  places  the  clay  occurs  in  lenses  or  thin  laminae  scattered  through 
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the  sand.  At  greater  depths*  well-defined  sand  beds  are  encountered 
and  the  clays  occur  in  distinct  layers ;  and  at  still  greater  depths  there 
are  thick  beds  of  chalk  separated  by  thin  lenses  of  clay.  Beneath 
these  chalk  beds  lie  other  sands  and  clays  and  some  limestones,  and 
still  lower  there  is  another  bed  of  sand  and  sandstones  containing 
many  lenses  or  partings  of  clay. 

Geologists  endeavor  to  separate  into  distinct  formations  those 
deposits  that  are  either  alike  in  lithologic  character  or  that  contain 
similar  fossils.  At  some  places  several  formations  are  assembled  into 
a  group  or  into  a  large  unit  called  a  series.  The  series  here  described 
and  discussed  are  grouped  under  three  systems,  which  are  underlain 
by  other  older  systems.  The  youngest  system,  known  as  the  Quater- 
nary, has  been  divided  into  two  series,  the  Recent  and  the  Pleistocene. 
Both  are  represented  in  the  Caddo  field,  but  the  deposits  are  not  of 
sufficient  economic  importance  to  warrant  their  subdivision  in  this 
report  into  formations.  Beneath  the  Quaternary  lies  the  Tertiary 
system,  which  has  in  other  places  been  divided  into  four  series. 
Pliocene,  Miocene,  Oligocene,  and  Eocene.  Of  these  series  only  the 
oldest,  the  Eocene,  is  found  in  the  Caddo  field.  The  Eocene  series 
of  the  Gulf  region  is  generally  subdivided  into  five  formations,  of 
which  only  three  are  found  in  the  Caddo  field,  the  Wilcox,  Midway, 
and  Claiborne.  Beneath  the  Tertiary  system  lie  the  formations  of 
the  Cretaceous  system,  which  is  of  unusual  importance  because  it 
includes  the  formations  that  contain  the  oil  and  gas. 

ThcrCretaceous  of  the  western  Gulf  region  has  been  separated  into 
the  Gulf  or  Upper  Cretaceous  series  and  the  Comanche  or  Lower 
Cretaceous  series,  and  these  have  been  divided  into  formations,  some 
of  which  have  been  assembled  into  groups,  for  example  the  Austin 
group,  which  represents  a  portion  of  the  Upper  Cretaceous  series, 
and  the  Washita  and  Fredericksburg  groups,  which  represent  parts 
of  the  Lower  Cretaceous  series.  The  formations  of  the  Gulf  or 
Upper  Cretaceous  series  are,  in  descending  order,  the  Arkadelphia 
clay,  the  Nacatoch  sand,  the  Marlbrook  marl,  the  Annona  chalk,  the 
Brownstown  marl,  the  Eagle  Ford  clay,  including  the  Blossom  sand 
member,  and  the  Woodbine  sand.  In  the  Comanche  or  Lower  Cre- 
taceous series  the  following  formations,  named  in  descending  order, 
have  been  recognized  in  southwestern  Arkansas :  Denison  formation. 
Fort  Worth  limestone,  Preston  formation,  Goodland  limestone,  and 
Trinity  sand.  The  formations  underlying  the  Trinity  sand  belong 
to  the  Paleozoic  succession  and  have  never  been  penetrated  by  any 
wells  in  northwestern  Louisiana.  They  are  too  deeply  buried  to  have 
any  economic  value,  though  some  of  them  contain  important  oil  and 
gas  horizons  in  Oklahoma  and  Texas. 
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The  following  table  shows  the  formations  and  their  i*elationships 
in  northwestern  Louisiana.  They  are  arranged  in  descending  order, 
the  youngest  at  the  top  and  the  oldest  at  the  bottom. 

Generalized  sectkm  of  formations  in  the  Caddo  field. ^ 


System. 

Series. 

Croup. 

Formation. 

Quaternary. 

Recent. 

Plelstooene. 

Eooeiie. 

Claiborne. 

St.  Maurice  formation. 

Tertiary. 

Wilcox  formation. 

Midway  formation. 

• 

Gulf   (Upper    Creta- 
ceous). 

« 

Arlcadelphia  clay. 

Nacatoch  sand. 

Marlbrook  marl. 

Austin. 

Annona  chalk. 

Brownstown  marl. 

Cietaoeous 

Eac:le  Ford  clay  (tncludtng  Blossom 
sand  member  at  top). 

Woodbine  sand. 

* 

Comanche     (Lower 
Cretaceous). 

Washita. 

Denison  formatian. 

Fort  Worth  limestone. 

Preston  formation. 

Fredericksburg. 

Goodland  limestone. 

Trinity  sand. 

a  The  Upper  Oetaoeous  formations  do  not  outcrop  in  the  Caddo  field  and  are  known  from  well  loss  only. 
The  Lower  Oetaoeous  rocks  have  not  yet  been  reached  in  the  wells  of  the  district,  but  the  formations 
enumerated  in  the  table  are  probably  present  in  the  Caddo  field. 

Of  the  formations  given  in  the  table  only  those  belonging  to  the 
Quaternary  and  Tertiary  systems  are  exposed  at  the  surface  in  the 
Caddo  oil  field.  The  Eocene  beds  are  not  fully  exposed  in  the  area 
covered  by  this  report,  and  their  discussion  is  based  largely  on  ob- 
servations in  adjacent  portions  of  Louisiana,  Arkansas,  and  Texas, 
together  with  the  knowledge  obtained  from  well  logs..  The  knowl- 
edge of  the  Cretaceous  formations  in  northwest  Louisiana  is  derived 
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only  from  well  logs,  and,  so  far  as  known,  no  borings  have  reached 
the  base  of  the  Upper  Cretaceous.  The  data  supplied  by  logs  of 
wells  are  supplemented  by  material  obtained  from  reports  describ- 
ing the  Upper  Cretaceous  formations  where  they  are  exposed  in 
northeastern  Texas  and  southwestern  Arkansas.  Knowledge  con- 
cerning the  Lower  Cretaceous  is  confined  to  the  formations  of  that 
age  to  the  north  and  northwest  in  Arkansas,  Oklahoma,  and  Texas, 
where  they  are  exposed  at  the  surface.  Their  presence  beneath 
the  Caddo  field  may  safely  be  inferred  from  the  fact  that  they  have 
a  southeasterly  dip  in  the  area  where  they  outcrop.  Conclusions 
concerning  the  character  and  thickness  of  any  of  the  Lower  Creta- 
ceous formations  are  less  certain  than  those  for  the  Upper  Cretaceous, 
because  they  may  not  maintain  the  same  lithologic  characteristics 
and  thickness  at  such  a  distance  from  their  outcrops.  However,  the 
major  subdivisions  of  the  Lower  Cretaceous  should  be  recognized 
in  deep  wells,  and  the  lowermost  formation,  the  Trinity  sand,  should 
be  present  as  a  well-defined  sand  bed. 

CRETACEOUS   SYSTEM. 
COXAKCHS  SEKIEB  (LOWEB  CBETAOEOUB). 

Lower  Cretaceous  beds  underlie  the  Caddo  oil  field,  but  they  do 
not  appear  at  the  surface  in  the  region.  They  are,  however,  of  ccm- 
siderable  geologic  interest  and  they  may  prove  to  be  of  economic 
importance  at  some  future  time. 

TRINITY   SAND. 

Though  the  lowest  formation  of  the  Lower  Cretaceous,  the  Trinity 
sand,  has  not  been  penetrated  in  drilling,  its  presence  and  lithologic 
character  beneath  the  Caddo  field  may  be  inferred  from  what  is 
known  of  the  geologic  history  of  the  region.  This  formation,  ac- 
cording to  Gordon,^  consists  of  fine  clean  sand  with  occasional  peb- 
bles and  bowlders  of  quartz  derived  by  erosion  and  redeposition  from 
the  older  Paleozoic  formations.  Lenses  and  laminae  of  clay  occur 
in  the  sand  and  remains  of  vegetable  matter  and  brackish-water  fos- 
sils are  reported.  In  Caddo  Parish  the  lenses  of  clay  might  nat- 
urally be  thicker  and  more  numerous  than  farther  north,  where  the 
deposits  were  made  nearer  shore,  though  probably  the  base  of  the 
formation  would  be  a  comparatively  pure  sand  and  other  porous  sand 
lenses  may  be  expected  within  the  formation.  Thin  lenses  of  lime- 
stone may  also  be  expected,  since  some  occur  in  the  formation  in 
southwestern  Arkansas. 

*  Gordon,  C.  H.,  OeoloRy  and  underground  waters  of  northeastern  Texas :  U.  S.  Geol. 
Survey  Water-Supply  Paper  27tf,  p.  14,  1911. 


GEOLOGY.  17 


OOODLAND  LIMESTONE. 


The  Fredericksburg  group  of  this  region  is  represented  by  only 
one  formation,  the  Goodland  limestone,  which  in  southwestern 
Arkansas  consists  of  25  feet  or  less  of  chalk  or  limestone.  It  may 
be  a  thicker  and  a  purer  linftestone  in  the  Caddo  Geld,  where  the 
deposits  were  laid  down  in  quiet  water  farther  from  shore.  It  was 
at  first  supposed  that  the  bed  of  hard  crystalline  limestone  encoun- 
tered in  some  wells  in  northwestern  Louisiana  might  be  the  Goodland 
or  the  Fort  Worth  limestone,  but  it  is  now  known  to  be  much  younger. 


WASHITA  GROUP. 


In  northeastern  Texas  and  Oklahoma  the  Washita  group  consists, 
in  descending  order,  of  the  Denison  formation,  the  Fort  Worth  lime- 
stone, and  the  Preston  formation.  In  Louisiana  these  formations  are 
all  probably  preaent  but  have  not  been  differentiated  because  of  lack 
of  information  about  them;  the  group  as  a  whole  consists  of  clays 
and  limestones  with  some  sand  beds.  In  Louisiaiia  the  upper  por- 
tion can  not  be  distinguished  in  well  sections  from  the  overlying 
Upper  Cretaceous,  unless  the  red  clay  that  is  so  widely  distributed 
represents  the  top  of  the  Washita.  The  Fort  Worth  limestone,  which 
is  more  than  50  feet  thick  in  Oklahoma,  might  be  recognized  in  wells. 

OtTLT  BEBZE8  (I7PPEB  OBETAOEOITS). 

The  basal  part  of  the  Gulf  or  Upper  Cretaceous  series  in  the  Caddo 
region  is  a  succession  of  interbedded  and  interlaminated  sands,  clays, 
and  shales  that  are  not  readily  separable  from  the  similar  deposits 
forming  the  upper  portion  of  the  Lower  Cretaceous.  If  the  forma- 
tions were  exposed  at  the  surface  it  would  probably  be  comparatively 
easy  to  separate  them,  because  the  uppermost  formation  of  the  Lower 
Cretaceous  contains  more  lime  than  the  lowermost  portion  of  the 
Upper  Cretaceous.  In  examining  well  logs  (see  Pis.  I-VI)  it  is 
rarely  possible  to  determine  the  minor  characteristics  of  the  beds 
penetrated  by  the  drill,  and  soft  marls  are  apt  to  be  classed  as  clay 
or  gumbo,  whereas  hard  marls  are  almost  invariably  called  shale, 
unless  they  contain  enough  lime  to  be  described  as  chalk.  It  is  to 
be  regretted  that  samples  of  drillings  from  some  of  the  deeper  wells 
are  not  available,  as  an  examination  of  them  might  make  it  possible 
to  determine  where  the  Upper  Cretaceous  ends  and  the  Lower  Cre- 
taceous begins. 

WOODBINE    SAND. 

The  lowest  formation  of  the  Upper  Crelaceous  in  northeastern 
Texas  is  known  as  the  Woodbine  sand.    This  formation,  according 

14738"— BuU.  619—16 2 
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to  Gordon/  consists  of  ferruginous  and  argillaceous  sands  with  some 
jbituminous  clays.  The  pyrite  and  glauconite  (iron-beariog  miner- 
als) which  it  contains  give  the  formation  a  yellow  or  brown  color 
on  weathering,  and  where  the  iron  is  concentrated  it  forms  a  cement 
that  binds  the  sands  together  into  a  ferruginous  sandstone.  An 
abundance  of  plant  remains  aids  in  differentiating  the  Woodbine 
sand  from  the  overlying  marls  of  the  Upper  Cretaceous. 

In  the  Caddo  field  the  Woodbine  sand  is  represented  by  a  part, 
but  not  all,  of  the  interbedded  and  interlaminated  sands,  clays,  and 
shales  that  underlie  the  "  sandrock  "  (1,800-foot  sand,  second  gas  sand) 
of  the  well  drillers.  It  is  not  possible  from  well  logs  to  determine  the 
upper  or  lower  limits  of  the  formation,  and  it  differs  in  character 
from  the  Woodbine  sand  of  northeastern  Texas  by  being  more  argil- 
laceous, though  it  contains  many  thin  beds  of  sand  or  sandstone. 

EAGLE  FOSD  CLAY. 

Above  the  Woodbine  sand  are  dark  colored  clays  that  contain 
some  thin  lenses  of  sand  and  earthy  limestone,  and  above  the  clays 
is  a  sand  or  sandstone  containing  thin  lenses  of  clay.  This  succes- 
sion of  beds  is  collectively  known  as  the  Eagle  Ford  clay,  the  sand 
and  sandstone  in  the  upper  part  being  known  as  the  Blossom  sand 
member  of  the  Eagle  Ford  clay. 

Lower  part  of  formation. — ^An  examination  of  well  logs  in  the 
Caddo  field  shows  that  the  lower  part  of  the  Eagle  Ford  clay  is  com- 
posed of  layers  of  varying  character,  described  by  drillers  as  shale 
and  gumbo.  Probably  the  variation  depends  on  the  hardness  and 
plasticity,  the  harder  layers  being  regarded  as  shale,  whereas  the 
soft  plastic  clays  are  called  gumbo.  The  shale  predominates  and 
occurs  in  thick  beds,  separated  by  thinner  layers  of  gumbo.  Scat- 
tered throughout  the  beds  are  lenses  of  sand  or  soft  sandstone,  rang- 
ing from  a  few  inches  to  more  than  20  feet,  but  in  few  places  exceed- 
ing 5  feet  in  thickness.  The  logs  do  not  supply  detailed  descriptions 
of  the  lithology  of  the  material,  and  it  has  not  been  possible  to  sepa- 
rate the  Eagle  Ford  clay  from  the  underlying  Woodbine  sand, 
though,  as  one  is  called  a  clay  and  the  other  a  sand,  they  might 
reasonably  be  expected  to  be  very  unlike. 

Blossom  sand  mernher. — At  the  top  of  the  Eagle  Ford  clay  there 
is  a  well-defined  series  of  arenaceous  beds  which  was  called  "sub- 
Clarksville "  by  Veatch  *  and  Blossom  sand  member  by  Gordon.* 
In  this  report  the  name  Blossom  sand  member  will  be  used  for  the 

^  Gordon,  C.  H.,  Geology  and  nndprgronnd  waters  of  northeastern  Texas :  IT.  8.  Geol. 
Survey  Water-Supply  Paper  276,  p.  16,  1011. 

'  Veatch,  A.  C,  Geology  and  underground  water  resources  of  northern  Louisiana  and 
southern  Arkansas :  U.  8.  Geol.  Survey  Prof.  Paper  46,  p.  25,  lo'ba. 

•Gordon,  C.  H.,  op.  cit.,  pp.  19-21. 
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member  described  by  Gordon,  which  consists  of  sand  and  rock  known 
to  oil  operators  as  the  second  gas  sand,  the  1,800-foot  sand,  and  thf 
sandrock.  The  Blossom  sand  member  is  composed  of  sand  or  sand- 
stone containing  lenses  of  clay,  the  whole  ranging  in  thickness  from 
less  than  50  feet  in  the  southern  end  of  the  Caddo  field  to  more  than 
100  feet  in  the  northern  end.  The  following  sections  show  the  char- 
acter of  this  member  in  different  portions  of  the  oil  field. 

Sectiofh  of  Blossom  sand  member  of  Eagle  Ford  clay,  from  logs  of  wells. 

Well  in  lUrlon  Goonty,  Tex. 

Feet 

Packed  sand 9 

Hard  sandrock 5 

Packed  sand 37 

Hard  sandrock 2 

Well  in  the  Oil  City  diitriot 

Hard  sand 20 

Gumbo 6 

Rock S 

Gumbo - 13 

Rock 5 

Gumbo 5 

Rock 4 

Gumbo 9 

Hard  rock 5 

Well  in  the  extreme  northern  end  of  the  Oaddo  fleld. 

Sandrock 65 

Gumbo 1 

Sandrock 26 

Shale  and  bowlders  ( probably  interbedded  sandrock  and  shale )  _  20 

The  gumbo  of  this  section  is  probably  shale.  It  will  be  noted  that 
in  addition  to  containing  less  clay  the  Blossom  sand  member  is  thicker 
here  than  in  the  preceding  sections.  Near  the  southern  end  of  the 
field  the  proportion  of  sand  decreases,  and  this  member  is  thinner 
than  in  the  section  from  the  Oil  City  district,  whereas  in  the  northern 
part  of  the  field  the  member  is  more  sandy  and  thicker  than  in  the 
first  section. 

A  section  of  the  Blossom  sand  member  in  the  Mooringsport  dis- 
trict shows  21  feet  of  sandrock  that  doubtless  contained  some  shale 
partings. 

Other  wells  show  great  variations  from  the  sections  given  above, 
both  in  thickness  and  in  the  arrangement  of  the  different  materials, 
but  there  is  a  general  similarity  in  their  lithologic  character.  The 
term  packed  sand  is  used  in  these  sections  and  elsewhere  in  the  re- 
port to  designate  a  loosely  cemented,  friable  sandstone. 
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AUSTIN  OBOUP. 

.^  The  Austin  group  of  the  Upper  Cretaceous  includes  two  forma- 
tions, the  Annona  chalk  and  the  Brownstown  marl,  both  differing 
in  lithologic  character  from  the  formations  above  and  below. 

Brownstown  marl. — ^Above  the  Blossom  sand  member  of  the  Eagle 
Ford  is  a  series  of  marls  and  clays  that  contain  a  few  lenses  of  im- 
pure limestone  but  are  nearly  free  from  sand.  The  transition  from 
the  Blossom  sand  to  the  Brownstown  marl  is  generally  abrupt, 
thqpgh  in  a  few  places,  especially  in  the  southern  part  of  the  Caddo 
field,  there  is  enough  interbedding  of  the  sands  and  marls  to  make 
the  separation  of  the  two  formations  difficult.  The  change  from  the 
Brownstown  marl  to  the  overlying  Annona  chalk  is  gradual  in  many 
places,  and  well  logs  show  limestone  beds  in  the  upper  part  of  the 
marl,  indicating  a  transition  from  one  to  the  other. 

The  Brownstown  marl,  as  described  by  Veatch,*  consists  of  blue  or 
gray  clay  containing  more  or  less  calcium  carbonate.  In  the  Caddo 
region  the  marls  and  clays  vary  in  lithologic  character,  and  the 
drillers'  reports  describe  alternating  beds  of  shale  and  gumbo  con- 
taining a  few  thin  lenses  of  sand  and  rarely  one  or  more  thin  beds 
of  chalk.  The  general  range  in  thickness  is  100  to  150  feet,  the 
variation  depending  in  part  on  the  amount  of  material  described 
as  chalk.  Extreme  thicknesses  of  50  to  300  feet  have  been  noted,  but 
in  such  logs  the  drillers  did  not  make  careful  distinction  between  the 
chalk  and  marl. 

Section  in  the  Jcema  Bayou  district, 

Annona  chalk :  Feet 

.     Hard  shale 31 

Hard  shale  rock 11 

Brownstown  marl : 

Shale 79 

Rock 3 

Hard  shale 5 

Gumbo 28 

Slate  and  shale 8 

Shale 32 

Eagle  Ford  clay  ( ?) : 

Hard  shale  (Blossom  sand  member?) S 

This  section  is  unusually  thick,  probably  because  the  first  two  mem- 
bei-s,  with  an  aggregate  thickness  of  42  feet,  belong  to  the  overlying 
Annona  chalk.  The  last  8  feet  of  the  section  may  be  a  part  of  the 
underlying  Blossom  sand,  for  sandstone  may  easily  be  mistaken  for 
shale  if  considerable  clay  is  used  in  drilling. 

^Veatch,  A.  C,  Geology  and  underground  waters  of  northern  Loulaiana  and  southern 
Arkansas :  U.  S.  Oeol.  Survey  Prof.  Paper  46,  p.  25,  1006. 
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SecUan  of  the  Brtnonatoum  marl  north  of  Caddo  Lake, 

Feet. 

Gumbo 50 

Shale 16 

Rock , 4 

Gumbo 8 

Shale 62 

The  following  section  shows  an  unusual  condition,  where  the  chalk 
extends  down  nearly  to  the  top  of  the  Blossom  sand : 

Section  of  the  Broumstoton  marl  in  the  Caddo  field. 

Feet 
Hard  chalk  rock  with  bowlders  (Annona  chalk?) 18 

Sand 7 

Shale  and  gumbo 17 

Gumbo 20 

The  section  below  shows  an  unusual  thickness  of  the  Annona  chalk, 
which  accounts  for  the  thinness  of  the  Brownstown  marl. 

Section  of  the  Broumstone  marl  north  of  Caddo, 

Feet 

Shale  and  gumbo 21 

Gumbo 5 

Hard  sandy  shale 30 

The  following  section  illustrates  the  thickness  of  the  Brownstown 
marl  in  the  northern  end  of  the  Caddo  field : 

Section  of  the  Brovmatotcn  marl  at  north  end  of  Cctddo  field. 

Feet 

Shale 90 

Shale  and  gumbo 74 

Arvruma  chalk. — ^The  upper  formation  of  the  Austin  group,  known 
as  the  Annona  chalk,  is  one  of  the  best  known  lithologic  units  of 
the  Caddo  oil  field.  It  differs  from  place  to  place  both  in  thickness 
and  character,  but  there  is  at  the  top  a  series  of  interbedded  blue  or 
gray  chalk  with  shale  or  gumbo.  At  greater  depths  the  shale  beds 
grow  thinner,  and  near  the  base  hard  chalk  predominates.  This 
formation  is  not  sharply  separated  from  either  the  Brownstown 
marl  below  or  the  Marlbrook  marl  above.  Apparently  the  condi- 
tions during  the  opening  and  closing  stages  of  the  deposition  of  the 
Annona  chalk  were  such  that  chalk  was  being  formed  in  some  places 
while  marl  was  laid  down  in  areas  near  by.  The  transition  from  the 
Brownstown  into  the  Annona  was  gradual,  presenting  some  interbed- 
ding  of  the  two,  and  the  change  from  the  Annona  to  the  Marlbrook 
was  still  more  gradual,  with  a  general  interbedding  of  marl  and 
chalk. 
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Section  of  the  Annona  chalk,  from  log  of  a  ioeU  northwest  of  OU  City. 

Feet. 
Chalk  rock 39 

Chalk  and  shale 109 

Oil  sand 4 

Chalk  rock ^ 7 

Shale 8 

Chalk  rock j. 77 

In  a  near-by  well  the  Annona  chalk  has  a  thickness  of  197  feet  and 
^is  separated  by  147  feet  of  shale  and  gumbo  from  a  13-foot  bed  of 
chalk  above,  which  is  probably  the  "Saratoga"  chalk  member  of 
the  Marlbrook  marl,  and  many  well  logs  give  the  total  thickness  of 
the  chalk  from  the  top  of  this  bed.  The  logs  of  w^Us  in  the  Caddo 
field  show  that  the  Annona  chalk  varies  greatly  in  thickness,  ranging 
from  less  than  200  feet  to  slightly  more  than  600  feet.  As  described 
by  the  well  drillers  the  variation  is  in  general  between  800  and  500 
feet,  but  the  actual  thickness  of  what  has  heretofore  been  classed  as 
the  Annona  chalk  in  this  region  is  less  than  the  thickness  given  by 
the  drillers,  because  in  many  of  the  recent  logs  of  wells  the  measure- 
ment of  the  chalk  is  made  from  the  top  of  the  "  Saratoga  "  to  the 
bottom  of  the  Annona  chalk,  thus  including  a  portion  of  the  Marl- 
brook  marl. 

Section  from  the  log  of  a  well  in  Marion  County,  Tex. 

Marlbrook  marl  ( ?) :  JP^t 

Chalk   ("Saratoga"?) 20 

Gumbo  and  shale 148 

Annona  chalk: 

Chalk  rock 121 

Shale 105 

Chalk 28 

The  20- foot  bed  at  the  top  of  this  section  probably  represents  the 
"  Saratoga  "  chalk,  and  if  so  the  gumbo  and  shale  below  it  belong  to 
the  Marlbrook  marl. 

MABLBBOOK   MARL. 

The  Marlbrook  marl  forms  a  very  calcareous  series  of  marls  and 
clays  that  contains  one  layer  of  chalk  known  as  the  ^^ Saratoga'' 
chalk  member,  which  appears  to  be  very  persistent.  It  also  contains 
many  minor  layers  of  chalky  marl  or  limestone  that  are  sometimes 
classed  by  well  drillers  as  bowlders  and  sometimes  as  limestone  or 
chalk.  This  formation  is  well  developed  in  the  Caddo  field  and 
occupies  the  interval  between  the  Annona  chalk  below  and  the 
Nacatoch  sand  above. 

Though  the  thickness  of  the  Marlbrook  marl  is  irregular,  the  actual 
amount  of  difference  is  much  less  than  appears  from  an  examination 
of  well  logs,  because  many  drillers  describe  as  chalk  all  the  beds 
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encountered  below  the  top  of  the  '^  Saratoga ''  chalk  and  the  base  of 
the  Annona  chalk.  This  gives  the  Annona  chalk  an  apparent  thick- 
ness greater  than  the  actual  and  diminishes  the  apparent  thickness 
of  the  Marlbrook  marl.  In  other  well  logs  it  is  thought  that  the 
soft  layers  in  the  upper  part  of  the  Annona  chalk  are  described  as 
shale,  which  gives  an  exaggerated  thickness  to  the  Marlbrook  marl. 
Probably  the  correct  thickness  of  the  Marlbrook  marl  is  from  325 
to  375  feet,  though  extreme  thicknesses,  ranging  from  175  to  450 
feet,  have  been  noted. 

Seetioru  of  the  Marlbrook  marl,  from  logs  of  weUs, 

Well  near  Caddo. 

Feet. 

Shale 8 

Shale  and  bowlders 51 

Hard  shale > 15 

GaiDbo  46 

Shale 7 

Gtimbo  15 

Shale 7 

Gmnbo  39 

Chalk  20 

Gumbo  1 87 

Shale 22 

Gumbo  26 

WeU  In  the  Jeemi  Bayou  dlitrict 

Shale 146 

Gumbo 2 

Gumbo  and  shales 32 

No  record 1 58 

Gumbo  and  shale 28 

Chalk  rock 1 12} 

No  record 22} 

Shale -^  60 

WeU  In  the  Ott  City  dlitrlot 

Marlbrook  marl: 

Shale  and  gumbo 237 

Chalk  ("Saratoga"  chalk  menil>er) 25 

Shale  and  gumbo 135 

Shale 1 9 

Rock 1 

Annona  (?)  chalk: 

Shale 185 

Chalk  rock 20 

Shale 151 

NACATOCH  BAND. 

In  different  parts  of  the  Caddo  oil  field  the  Nacatoch  sand  has  been 
known  by  local  names,  such  as  the  "  Caddo,"  the  "  Vivian,"  or  the 
"  Shreveport "  gas  sand.   It  is  composed  of  light-gray  to  greenish  fine 
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sand,  alternating  with  layers  of  indurated  sandstone  and  thin  layers 
of  clay.  Locally  the  formation  is  calcareous,  and  in  a  few  places  the 
pores  between  the  sand  grains  are  filled  with  a  cement  of  calcium  car- 
bonate, so  that  it  contains  little  or  no  gas  even  where  the  structural 
conditions  favor  the  accumulation  of  gas.  The  formation  is  in  few 
places  cemented,  though  it  has  been  so  reported  in  two  wells  out  of  the 
total  number  drilled — ^more  than  a  thousand.  Scattered  grains  of 
glauconite  may  be  seen  in  some  samples  of  the  Nacatoch  sand  and 
thair  presence  in  samples  from  wells  may  be  readily  detected  by  the 
green  color,  except  where  it  is  obscured  by  a  coating  of  petroleum  on 
the  surface  of  the  particles  of  sand. 

Where  it  is  not  filled  with  oil  or  gas  the  Nacatoch  sand  contains  a 
large  volume  of  salt  water,  indicating  that  the  formation  is  very 
porous.  The  presenpe  of  shale  and  gumbo,  which  are  reported  in  well 
logs,  may  be  explained  by  the  occurrence  of  clay  lenses,  though  some 
of  the  material  described  as  shale  may  be  indurated  fine  sand. 

In  the  well  logs  of  the  Caddo  field  the  Nacatoch  sand  shows  con- 
siderable variation  in  thickness,  ranging  from  less  than  100  to  over 
125  feet  in  some  parts  of  the  Mooringsport  district  to  about  100  feet 
at  Caddo,  and  to  175  to  200  feet  in  places  near  the  northern  end 
of  the  field.  The  wide  variation  is  due  in  part  to  an  actual  thicken- 
ing of  the  formation  toward  the  north  and  west,  and  in  part  to  the 
fact  that  in  some  places  the  Nacatoch  includes  beds  of  sand  belonging 
to  the  upper  part  of  the  Marlbrook  marl. 

Section  of  the  Nacatoch  aand,  from  the  log  of  a  well  near  Mooringsport, 

Feet. 

Gas  rock 2 

Sandrock 1 12 

Gas  rock 81 

In  the  foregoing  section  the  Nacatoch  sand  apparently  has  a  thick- 
ness of  95  feet,  which  is  below  the  average  for  the  southern  end  of  the 
field.  Another  log  in  the  same  district  shows  only  52  feet  of  Naca- 
toch, a  thickness  so  slight  that  it  is  thought  some  of  the  Nacatoch  may 
have  been  included  in  the  Marlbrook  marl. 

The  following  sections  show  the  thickness  of  the  Nacatoch  sand  in 
different  parts  of  the  field : 

Sections  of  the  Nacatoch  sandy  from  logs  of  tvell^, 

WeU  in  the  Xoorln^ sport  district. 

Feet 

Sandrock  with  gas 20 

Rock 2 

Sandrock  and  shale 28 

Hard  rock 2 
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Well  in  tlie  Jeems  Bayou  dlitriot. 

Feet. 

Rock ^ 4 

Shale 3 

Hard  rock 5 

Soft  rock . 8 

Hard  rock "  1 

Soft  rock  and  shale ^ 7 

Hard  rock 36 

Sandy  shale 50 

Well  in  tho  Jeems  Bayon  distriot. 

Rock 1 17 

Hard  shale 38 

Gas  rock ^ 10 

Hard  shale 10 

Gas  rock 10 

W«ll  in  Xarion  Connty,  T«z. 

Hard  sand 10 

Gas  rock 9 

Hard  shale 8 

Hard  gas  sand 16 

Rock 3 

Gas  sand 28 

Sandrock 3 

Hard  shale 47 

Sand 23. 

Sandrock  and  sand 35 

Well  in  the  Monterey  district. 

Gas  rock 10 

Packed  sand . 33 

Gas  rock 1} 

Packed  sand 111 

Rock ^^r-       2 

Packed  sand ^ 28 

In  other  wells  in  the  Monterey  district  the  Nacatoch  sand  ranges 
from  175  feet  to  slightly  more  than  200  feet  thick,  and  the  sections 
show  sand  and  rock  with  very  little  shale. 

AKK.\DELPHIA  CLAY. 

Above  the  Nacatoch  sand  is  a  tough  dark-colored  clay  that  in  the 
well  logs  of  the  Caddo  field  is  commonly  described  as  gumbo  and 
shale.  Sands  and  sandstones  are  rare,  though  a  thin  layer  of  sand- 
stone occurs  in  many  places  from  15  to  80  feet  above  the  base.  This 
sandstone  bed  is  hard,  like  the  upper  layer  of  the  Nacatoch,  and  the 
presence  of  gas  just  below  it  has  given  rise  to  the  designation  '^  false 
cap  rock,"    Within  a  few  feet  of  the  base  of  the  Arkadelphia  clay  in 
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many  wells  thin  laminse  of  sand  are  encountered.  The  basal  Ter- 
tiary formation  above  the  Arkadelphia  clay  is  predominantly  argil- 
laceous, and  therefore  the  line  between  the  l^o  formations  can  not 
be  easily  drawn  in  well  records,  though  probably  if  the  colors  of  the 
clays  were  given  in  the  logs  of  wells  it  might  be  possible  to  separate 
the  dark  Arkadelphia  clay  from  the  lighter-colored  clay  above. 

The  maximum  thickness  of  the  Arkadelphia  clay  in  the  Caddo  oil 
field  may  exceed  400  feet  and  the  average  thickness  of  the  beds 
referred  to  that  formation  is  from  300  feet  to  350  feet.  In  deter- 
mining the  thickness  it  has  been  necessary  to  make  more  or  less 
arbitrary  distinctions  that  depend  on  incomplete  information,  and 
the  measurements  given  should  not  be  regarded  as  exact.  In  most 
well  logs  the  materials  assigned  to  the  Arkadelphia  clay  contain 
more  gumbo  than  shale,  though  in  some  wells  the  aggregate  thickness 
of  the  shale  equals  or  exceeds  that  of  the  gumbo. 

TERTIARY   SYSTEM. 
EOCENE  SEBIEB. 

The  Eocene  is  represented  in  the  Caddo  field  by  its  two  lowermost 
formations,  which  are  in  descending  order  the  Wilcox  ("Sabine") 
formation  and  the  Midway  formation.  A  small  patch  of  f ossilif erous 
clay  belonging  to  the  St.  Maurice  formation  of  the  Claiborne  group 
overlies  the  Wilcox  formation  southeast  of  Vivian,  but  in  the  Caddo 
field  the  area  covered  by  this  formation  is  not  important.  Doubtless 
other  Eocene  formations,  together  with  some  post-Eocene  deposits, 
formerly  extended  over  the  region,  but  they  have  been  removed  by 
erosion  and  a  portion  of  the  Wilcox  formation  has  also  been  carried 
away. 

MIDWAY   FORMATION. 

The  Midway  formation  is  not  easily  separated  from  either  the 
Wilcox  formation  above  or  the  Arkadelphia  clay  below,  though  it 
contains  fewer  concretions  (bowlders)  than  the  Wilcox  and  less  gumbo 
than  the  Arkadelphia.  The  formation  is  predominantly  clayey, 
though  glauconite  and  sand  occur  in  thin  layers.  The  well  logs  show 
thin  beds  of  rock  that  are  probably  in  part  sandstone  and  in  part 
limestone,  though  the  descriptions  are  not  sufficiently  explicit  to 
differentiate  them.  Probably  the  thickness  of  the  Midway  is  from 
200  to  300  feet,  but  accurate  determination  from  well  logs  is  not 
possible. 

WILCOX    ("  SABINE") -FOBMATION. 

The  sands  and  clays  that  form  the  uplands  of  the  Caddo  field  in 
this  region  belong  to  the  Wilcox  formation,  formerly  described  as  the 
"  Sabine "  formation  by  Veatch  and  other  writers.    Good  exposures 
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of  this  formation  may  be  seen  in  the  banks  of  Ferry  Lake  and  in  many 
roadside  gullies  on  the  hills.  Some  sands  and  clays  in  cuts  on  the 
Kansas  City  Southern  Railway  are  referred  to  the  Wilcox  and  there 
are  excellent  exposures  in  the  vicinity  of  Shreveport.  Sands  con- 
taining some  glauconite  may  be  seen  in  many  places,  and  they  alter- 
nate with  lenses  and  beds  of  blue  or  gray  clay.  The  sands  contain 
many  concretions,  some  of  them  several  feet  in  diameter,  and  some 
thin  layers  of  limestone,  both  of  which  are  known  to  the  well  drillers 
as  bowlders.  Layers  of  lignite  from  a  fraction  of  an  inch  to  several 
feet  thick  are  conmion,  and  locally  the  clays  contain  imprints  of 
leaves  or  stems  of  plants.  Some  shells  of  marine  organisms  have 
been  found  near  Shreveport,  but  these  are  not  known  to  occur  at  more 
than  one  locality.  The  sands  present  great  irregularity  in  the  ar- 
rangement.  of  the  layers,  being  cross-bedded  on  a  large  scale,  and  the 
clay  beds  are  commonly  inclined  at  angles  that  differ  from  place  to 
place.  This  characteristic  has  proved  very  confusing  to  geologists 
and  has  led  to  erroneous  conclusions  concerning  the  structure  in  many 
localities. 

QUATERNARY  SYSTEM. 

Because  of  the  thinness  and  the  absence  of  structural  features,  the 
beds  belonging  to  the  Quaternary  system  are  not  important  in  the 
Caddo  oil  field.  The  sands  and  clays  of  this  system  rest  on  the  eroded 
surfaces  of  the  Tertiary  deposits,  and  over  a  large  area  they  conceal 
the  older  formations.  Where  they  predominate  they  interfere  with 
the  study  of  the  underlying  formations,  and  in  many  places  the  only 
source  of  information  concerning  the  structure  of  the  region  is  the 
logs  of  wells. 

PLEXBTOOENE  8EEIE8. 

Some  of  the  red  sands  and  clays  that  form  terraces  above  the  high- 
water  levels  in  the  valleys  are  referred  to  the  Pleistocene.  They 
were  derived  in  part  from  the  underlying  Tertiary  formations,  which 
they  resemble  in  general  lithologic  character.  The  Pleistocene  clays 
of  the  Red  River  valley  are  very  plastic  and  contain  considerable 
calcium  carbonate,  either  finely  divided  or  in  nodules.  The  thick- 
ness of  the  Pleistocene  is  in  most  places  less  than  25  feet,  though 
the  maximimi  is  considerably  greater,  in  places  slightly  more  than 
100  feet. 

BEOENT  BESIES. 

The  Recent  series  consists  of  the  sands  and  clays  deposited  in  the 
channels  of  the  streams  and  the  thin  layers  of  silt  spread  by  floods 
on  the  lowlands.  These  sands  and  clays  resemble  those  of  Pleistocene 
age  and  have  the  same  general  characteristics. 
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STBUCTUBE. 

OBNERAL  CAUSES  AMD  FORHH. 

The  attitude  of  the  strata,  in  so  far  as  it  departs  from  the  normal 
position,  is  usually  discussed  under  the  head  of  structure.  The  origi- 
nal attitude  of  many  sedimentary  deposits  is  approximately  hori- 
zontal, though  in  some  places  the  strata  are  more  or  less  inclined. 

When  sedimentary  beds  have  been  subjected  to  change  of  position 
which  alters  their  attitude,  structural  features  are  produced  thut 
vary  in  character  with  the  resistance  of  the  beds  and  the  intensity 
and  direction  of  the  forces  causing  the  disturbance.  The  most  com- 
mon cause  for  such  disturbances  of  the  original  attitude  of  deposits 
is  pressure,  and  the  strata  may  be  either  bent  or  broken.  The  bend- 
ing produces  folds  and  the  breaking  and  slipping  of  se\-ered  edges 
of  strata  along  planes  produce  faults.  The  accompanying  diagram 
(fig.  2)  shows  simple  types  of  folds,  the  upward  bends  being  known 
OS  anticlines  and  the  downward  as  synclines. 


Other  types  of  folds  and  faults  have  been  described,  but  they  are 
not  represented  in  the  Ciiddo  oil  field,  and  tlie  reader  who  desires 
information  about  them  is  referred  to  textbooks  on  geologj-  or  re- 
ports dealing  with  the  subjects  of  folding  and  faulting. 


METHODS    OK    BKPRESENTATION. 


Structure  may  be  i-epi-esented  diagrammatically,  an  in  Plate  VIII, 
or  by  means  of  contour  lines,  as  in  Plate  YII.  These  lines  arc  drawn 
through  points,  on  the  top  or  bottom  of  a  stratum  of  rock,  that  have 
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the  same  distance  above  or  below  a  given  horizontal  plane,  generally 
sea  level.  When  contour  lines  are  thus  drawn  at  levels  of  every  25 
or  50  feet  of  difference  in  elevation,  or  at  any  other  definite  interval 
(called  contour  interval)  in  elevation  that  may  be  adopted  for  the 
whole  map,  it  is  possible,  by  noting  the  closeness  and  the  direction 
of  the  contours,  to  interpret  the  character,  the  direction,  and  the 
pitch  of  the  slope  at  any  point  of  the  bed  that  has  been  uplifted  or 
warped  out  of  a  horizontal  position.  The  refinement  with  which 
the  minor  warping  can  be  shown  depends  upon  the  amount  and 
accuracy  of  the  information  and  the  refinement  in  contouring  that 
can  be  based  thereon.  The  elevation  at  any  point  of  the  stratum  in 
the  contoured  area  may  be  determined  by  referring  to  the  elevations 
indicated  by  the  nearest  contour  line.  Diagrams  give  a  more  graphic 
picture  of  structure  than  contours,  but  their  usefulness  is  limited 
because  they  show  structure  only  along  certain  lines  across  the  field. 
The  use  of  contours  possesses  the  advantage  of  showing  the  structure 
over  the  entire  area  show^n  on  the  map.  In  regions  of  complex  fold- 
ing and  faulting,  where  it  is  impracticable  to  draw  structural  con- 
tours, diagrams  may  be  necessary,  but  in  regions  where  the  rocks 
are  only  slightly  deformed  contour  maps  are  more  satisfactory.  The 
reliability  of  the  contouring  depends  on  the  adequacy  of  the  informa- 
tion available.  Usually  some  prominent  bed  of  rock  or  some  easily 
recognized  formation  is  chosen  as  the  base  on  which  the  contours 
are  drawn. 

In  many  oil  fields  of  West  Virginia,  Illinois,  and  Pennsylvania 
persistent  coal  beds  are  used  for  this  purpose,  Ipt  in  the  Caddo  field 
some  one  of  the  more  persistent  sands  or  a  chalk  bed  is  more  useful. 
The  formations  thus  chosen  are  known  as  key  rocks.  The  contours 
show  the  key  rock  as  it  would  appear  if  it  were  stripped  of  all  over- 
lying foimations  and  had  not  been  subjected  to  erosion. 

ACCURACY  OK  TUB  STntUCTURE  CONTOURS. 

The  position  of  the  structure  contours  was  determined  by  sub- 
tracting the  elevations'of  the  wells  from  the  depth  to  the  formation 
to  be  represented,  thus  obtaining  the  depth  of  the  surface  of  the  key 
rocks  below  sea  level.  The  altitudes  of  the  wells  were  obtained  from 
the  engineers  of  the  various  companies  or  from  rapid  leveling  by  the 
»uthor.  The  elevations  of  a  large  number  of  wells  were  supplied 
by  F.  E.  Chalk,  engineer  of  the  Gulf  Refining  Co.  of  Louisiana; 
J.  W.  Anderson,  engineer  of  the  Standard  Oil  Co.  of  Louisiana, 
gave  a  list  of  elevations  for  the  wells  of  his  company ;  and  a  partial 
list  of  elevations  of  the  wells  of  the  Busch-Everett  and  the  Vivian 
oil  companies  was  obtained  from  Carl  Lemon.  The  author's  in- 
strumental work  consisted  of  rapid  leveling  from  the  nearest  points 
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of  known  elevation  to  the  wells  whose  altitudes  were  to  be  obtained. 
Approximate  elevations  were  considered  satisfactory,  and  hence  the 
determination  was  made  to  the  nearest  foot. 

The  logs  of  wells  were  supplied  by  the  managers  of  different  com- 
panies and  by  contracting  drillers.  In  most  of  these  logs,  even  the 
most  accurate,  some  error  exists,  because  measurements  of  depths  to 
formations  are  made  by  computing  the  length  of  the  pipe  used  in 
drilling.  In  checking  these  measurements  by  means  of  steel  lines 
they  are  usually  found  to  be  5  or  6  feet  too  great,  and  there  is,  in 
addition,  ^n  uncertainty  *in  ascertaining  the  exact  point  where  a 
formation  is  first  encountered,  though  the  amount  of  error  result- 
ing from  this  cause  is  not  easily  determined.  A  few  logs  appear  to 
be  so  unreliable  that  they  have  been  disregarded  in  drawing  the 
structure  maps.  Fortunately,  records  of  this  kind  are  few,  and  the 
increasing  tendency  toward  steel-line  measurements  should  result  in 
still  greater  accuracy.  The  use  of  reliable  information  obtained  in 
that  way  will  make  possible  the  construction  of  more  accurate  struc- 
tural maps  and  facilitate  the  systematic  control  of  drilling  opera- 
tions. 

In  the  present  work  it  is  believed  that  enough  reliable  information 
was  obtained  to  permit  the  compilation  of  a  structure  map  that  is 
fairly  accurate  as  to  the  general  type  of  structure  and  the  position 
and  form  of  the  major  anticlines  and  synclines,  although  the  details 
can  not  be  shown  until  more  data  are  gathered. 

KEY   ^CKS    IN    THE    CADDO    OIL   FIELDS. 
AKKOKA  CHALK. 

The  Annona  chalk  has  been  regarded  as  an  important  key  rock 
because  of  its  wide  distribution  and  distinctive  character.  It  pos- 
sesses the  advantage  of  being  unlike  the  formations  immediately  above 
and  below  it,  but  unfortunately  the  drillers  do  not  always  separate 
it  from  the  "  Saratoga  "  chalk  member  of  the  Marlbrook  marl,  which 
is  stratigraphically  somewhat  higher.  Probably  the  true  depth  to 
the  Annona  chalk  can  be  determined  in  these  wells  by  adding  the 
difference  in  depth  between  the  two  chalk  beds  where  the  depth  to 
the  top  of  the  "  Saratoga  "  chalk  is  given.  The  base  of  the  chalk 
would  be  a  valuable  key  for  contouring  if  it  were  not  for  the  fact 
that  as  long  as  the  cuttings  from  the  well  appear  white  the  material 
is  classed  by  many  drillers  as  chalk,  even  though  the  drill  may  have 
penetrated  some  distance  into  the  underlying  marl. 

NAOATOCH  BAKD. 

One  of  the  most  useful  formations  for  contouring  is  the  Nacatoch 
or  upper  gas  sand,  as  this  formation  is  lithologically  distinct  from 
the  strata  above  and  below  it,  and  it  is  reached  in  every  successful 
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well  in  the  field,  whether  shallow  or  deep.  It  is  the  first  formation 
encountered  that  contains  enough  gas  to  be  of  economic  value,  and 
all  successful  wells  are  either  drilled  into  it  for  the  purpose  of 
obtaining  gas  or  through  it  to  some  of  the  deeper  oil  or  gas  horizons. 
Moreover,  in  most  places  the  presence  of  the  gas  causes  drillers  to 
record  the  depth,  even  though  they  intend  to  drill  to  one  of  the  under- 
lying sands.  Because  of  the  large  number  of  wells  reaching  the 
Nacatoch  sand  it  has  been  possible  to  draw  approximate  contour 
lines  for  each  variation  of  25  feet  in  its  elevation.  (See  PI.  VII.) 
These  contours  are  placed  on  the  same  sheet  with  those  showing  the 
surface  of  the  Blossom  sand  member  of  the  Eagle  Ford  clay,  which 
are  represented  by  broken  lines. 

BLOSSOM  BAirn  MEXBES  OF  EAOLE  FOSD  CLAY. 

The  Blossom  sand  is  present  and  readily  recognized  by  most 
drillers,  who  designate  it  the  1,800-foot  sand  or  the  big  sandrock, 
and  its  identification  is  facilitated  by  the  presence  of  gas,  which 
leads  to  its  designation  as  the  second  gas  sand.  The  Blossom  sand 
is  nearer  to  the  deep  oil-bearing  formation  than  either  the  Nacatoch 
sand  or  the  Annona  chalk,  and  its  structure  more  nearly  corresponds 
to  that  of  the  oil  sands,  but  it  is  not  penetrated  by  as  many  wells  as 
the  higher  formations,  and  hence  information  concerning  it  is  not 
as  complete.  The  broken  contours  on  Plate  VII  show  the  variations 
in  elevation  of  the  surface  of  the  Blossom  sand  for  each  25  feet. 

BELATIOVB  OF  THE  VAOATOCH  BAKD  AND  THE  BLOSSOX  SAVD  XEXBEB  OF 

THE  EAOLE  FOEBr  CLAT. 

The  relations  of  the  key  rocks,  the  Nacatoch  and  Blossom  sands, 
have  been  examined  to  determine  whether  the  interval  between  the 
two  is  constant  throughout  the  oil  field.  Striking  differences  were 
found  in  some  wells  close  together,  amoimting  in  places  to  more 
than  50  feet,  which  may  indicate  errors  in  recording  logs,  though 
a  certain  amount  of  variation  is  to  be  expected,  because  the  upper 
surfaces  of  the  two  sands  as  originally  deposited  were  probably 
somewhat  uneven.  The  degree  of  accuracy  in  the  determination  of 
the  depths  to  the  sands  differs  from  place  to  place  and  the  decisions 
of  different  drillers  as  to  the  position  of  the  tops  of  the  sands  do 
not  always  agree.  After  allowing  for  all  these  factors  the  persistent 
variations  that  remain  suggest  that  the  sands  are  not  exactly  parallel 
and  that  the  change  in  the  interval  between  them  is  not  simply  due 
to  the  thickening  of  the  intervening  formations  toward  some  parts 
of  the  field  and  thinning  in  opposite  directions.  The  discordance  in 
dip  of  the  two  sands  in  places  illustrates  the  lack  of  a  constant  inter- 
val between  them  and  shows  that  the  anticlines  have  slightly  steeper 
slopes  when  the  dip  is  measured  on  the  Blossom  sand  than  when  it 
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IS  based  on  the  Nacatoch  sand.  This  condition  suggests  that  the 
deformation  began  after  the  deposition  of  the  Blossom  but  was 
renewed  and  culminated  after  the  deposition  of  the  Nacatoch.  On 
the  north  slope  of  the  Monterey  uplift  the  contours  indicate  approxi- 
mately the  same  dip  for  the  two  sands.  The  fact  that  the  earlier 
folding  in  that  region  was  slight  may  account  for  this  condition, 
but  it  is  more  probably  due  to  the  generalized  character  of  the  map 
(PL  VIII)  in  that  area,  where  the  information  is  scanty. 

An  examination  of  the  contours  shows  that  the  axes  of  folds  indi- 
cated by  contours  on  the  Blossom  sand  do  not  agree  in  position  with 
the  axes  of  folds  shown  by  the  contours  of  the  Nacatoch  sand.  This 
disagreement  was  at  first  thought  to  be  the  result  of  inaccurate  con- 
touring but  was  subsequently  found  to  be  general,  and  the  axes  were 
found  to  bear  a  more  or  less  systematic  relation  to  each  other.  This 
peculiarity,  together  with  the  absence  of  systematic  variation  in  the 
interval  between  the  sands,  suggests  that  some  general  explanation 
must  be  sought,  either  in  the  geologic  history  or  in  the  character  of 
the  deformation.  If  the  folding  had  been  sufficiently  intense  the  beds 
might  have  suffered  unequal  thrust  and  the  Nacatoch  sand  might 
have  been  thrust  bodily  over  the  lower  sand  by  crumpling  of  the 
beds  or  by  shearing  movement  between  the  beds  of  the  intervening 
formations.  The  extensive  folding  of  this  area,  which  culminated  in 
the  high  anticline  in  the  vicinity  of  Caddo  Lake,  brought  about  a 
complete  reversal  of  the  general  inclination  of  the  Cretaceous  and 
Tertiary  formations  of  the  region.  The  original  slope  of  the  Cre- 
taceous beds  had  been  toward  the  southeast,  but  in  the  processes  of 
uplift  and  deformation  a  general  inclination  toward  the  northwest 
was  produced.  This  change  was  accompanied  by  a  crumpling  of 
the  formations  and  a  general  shifting  of  the  folds  toward  the  north- 
west. The  thrust  was  apparently  tangential  to  the  beds  rather  than 
parallel  to  them,  so  that  the  position  of  the  folds  in  one  formation 
was  shifted  more  than  in  the  other,  though  the  readjustments  caused 
by  the  unequal  movement  were  doubtless  in  the  form  of  crumpling 
rather  than  shearing,  because  of  the  plastic  character  of  the  inter- 
vening deposits.  It  is  presumed  that  movements  of  this  character 
may  account  for  some  of  the  variations  in  the  positions  of  the  axes 
of  the  folds  shown  by  the  contours  of  the  surface  of  the  key  rocks. 

SABINE  UPLIFT. 

The  existence  of  interesting  structural  features  in  northwestern 
Louisiana  was  recognized  by  Veatch,*  who  says :  "  It  [the  Angelina- 
Caldwell  flexure]  has  almost  entirely  destroyed  the  southern  element 

^Veatcb,  A.  C,  Geology  and  undergronnd  water  resources  of  northern  Looisiaiia  and 
soathem  Arkansas :  U.  S.  Geol.  Survey  Prof.  Paper  46,  p.  68,  1906. 
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of  the  dip  of  the  iaeda  between  its  northern  border  and  a  point  tibout 
60  miles  south  of  the  Paleozoic  border."  The  Angelina-Caldwell 
flexure,  as  described  by  Veatch,  extends  from  Angelina  County,  Tex., 
north  of  east,  passing  near  Many,  north  of  Nachitoches,  and  as  far 
east  as  Mississippi  River.  The  region  affected  by  this  flexure 
includes  the  territory  from  a  short  distance  north  of  Kachitoches 
northwestward  beyond  the  northern  edge  of  the  Caddo  oil  field. 


FiocBE  3. — Map  of  Ibe  Sabloe  ttpllft  (after  Harrti)  ahowlng  tbe  Important  stractarftl 
featureB  In  the  Upper  Cretaceous  (saa  aod  oil  bearing)  formatloDB  In  eaBtero  Teiaa  and 
LoulBUaa.  These  fDrmatlonB  dip  beneath  yotinger  <Tertlsr;  and  QnaterDarT)  depoatti 
to  the  gontheaet. 

The  Sabine  uplift  (figs.  3  and  4) ,  as  outlined  by  Harris,'  is  given 
more  definite  form.  The  extensive  crustal  movements  in  its  vicinity 
have  brought  Upper  Cretaceous  beds  up  within  less  than  700  feet  of 

I  HarriB,  O.  n.,  Oil  and  gaa  In  LoDlalana  :  C.  B.  Qeol.  Bumj  Boll.  429.  pp.  20-26,  IBIO. 
14738°— Bull.  619—16 3 
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the  surface  over  a  large  ig:*ea.  This  movement  has  brought  about 
structural  features  of  prime  importance  in  oil  and  gas  concentration. 
This  area  is  of  great  economic  importance  because  it  includes  the 
Caddo,  De  Soto,'  and  Eed  Biver  oil  fields,  which,  so  far  as  known, 
are  the  only  important  Coastal  Plain  oil  fields  in  Louisiana  not 
located  on  the  edges  of  salt  domes.  Probably  future  prospecting 
will  develop  other  fields  outsdde  the  Sabine  uplift,  but  there  is  still 
much  territory  on  the  uplift  that  should  be  carefully  investigated. 
In  this  bulletin  a  more  detailed  map  of  the  Sabine  uplift  is  not  given 
because  the  discussion  is  limited  to  some  of  the  important  structural 
features  on  a  portion  of  it,  and  an  effort  is  made  to  show  the  relations 
of  these  features  to  the  occurrence  of  oil  and  gas. 

GENERAL  STRUCTURE  OF  THE  CADDO  OIL  FIELD. 

The  general  structure  of  the  Caddo  oil  field  is  anticlinal  and 
synclinal,  though  the  combination  of  different  forces  operating  ap- 
proximately at  right  angles  to  each  other  have  produced  complex 
folds  of  somewhat  irregular  shapes.  Thus  all  of  the  folds  have 
curving  axes,  some  are  apparently  branching,  and  others  lack  definite 
anticlinal  form,  though  this  may  be  due  to  lack  of  information  which 
could  be  used  in  representing  the  detailed  structure.  The  successive 
folds  rise  in-  height  from  northwest  to  southeast,  culminating  just 
north  of  the  eastern  end  of  Caddo  Lake,  where  the  formations  are 
structurally  highest.  South  of  Caddo  Lake  there  are  other  folds 
parallel  to  those  in  the  oil  field,  though  they  are  somewhat  lower  and 
they  may  diminish  in  height  toward  the  south  for  some  distance 
beyond  the  lake. 

The  folds  in  the  Caddo  oil  field  are  the  result  of  pressure,  and  their 
general  forms  are  typical  of  the  structure  in  the  territory  underlain 
by  thick  deposits  of  Cretaceous  and  Tertiary  age,  though  variations 
in  details  may  be  found  in  different  places.  Since  they  belong  to 
types  that  are  apt  to  be  characteristic  of  the  Gulf  Coastal  Plain 
region  in  western  Louisiana  and  eastern  Texas  they  deserve  careful 
consideration. 

The  detailed  structure  of  the  Caddo  field  will  be  discussed  on  sub- 
sequent pages,  but  it  may  be  noted  here  that  the  folds  belong  to  two 
distinct  periods.  One  series  was  produced  by  forces  acting  in  a 
general  northwest-southeast  direction,  producing  anticlines  and  syn- 
clines  with  axes  at  right  angles  to  the  pressure.  These  folds  are 
crossed  by  an  axis,  approximately  at  right  angles  to  them  and  nearly 
parallel  with  the  east  side  of  the  Sabine  uplift.  The  pressure  which 
produced  this  fold  was  at  about  right  angles  to  that  which  produced 
the  other  folds.  The  two  forces  did  not  act  simultaneously,  for  the 
southwest-northeast  folds  are  clearly  older  than  the  folds  at  right 
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angles  to  them,  as  is  shown  by  the  fact  that  they  are  bent  at  the 
point  where  they  cross  the  northwest-southeast  axis. 

Another  effect  of  the  last  period  of  folding  is  the  inclination  of  the 
crests  of  the  older  folds  away  from  the  points  where  the  two  series 
of  folds  intersect.  This  pitch,  though  less  than  the  dip  of  the  beds 
on  the  flanks  of  the  anticlines,  is  noticeable  on  all  the  anticlines. 
Other  folds  parallel  to  the  northwest-southeast  axis  are  present, 
though  the  information  available  is  not  sufficient  to  show  their  out- 
lines. They  produce  variations  in  the  elevation  of  the  crests  of  the 
southwest-northeast  folds. 

The  best  example  of  simple  anticlinal  structure  is  the  fold  east  of 
Vivian,  which  is  called  the  Vivian  anticline  in  this  report.  Another 
relatively  simple  fold,  which  may  be  a  southwestward  prolongation 
of  the  Vivian  anticline,  passes  through  the  northwest  corner  of  T.  20 
N.,  R.  16  W.,  and  thence  northeastward  into  the  adjoining  township. 
This  fold,  which  is  designated  the  Mason  anticline,  has,  like  the 
Vivian  anticline,  a  distinctly  curving  axis.  North  of  the  Mason  anti- 
cline is  an  irregular  fold,  called  the  Monterey  uplift,  which  is  a  com- 
posite of  several  minor  anticlines.  The  fold  that  extends  from 
beneath  the  bed  of  Caddo  Lake  northeastward  to  the  southern  end 
of  the  Pine  Island  district  has  been  named  the  Caddo  Lake  anticline. 
It  is  not  known  what  form  this  fold  may  take  in  its  extension  to  the 
northeast,  but,  judging  from  the  available  information,  it  has  a  defi- 
nite branch  toward  the  southeast  just  east  of  Mooringsport,  and 
merges  into  a  shorter  fold  nearly  parallel  to  the  Caddo  Lake  anti- 
cline. This  short  fold  has  been  the  source  of  some  very  large  wells, 
but  the  producing  areas  are  relatively  small. 

The  Monterey  uplift,  which  has  been  made  to  include  the  struc- 
tural features  north  of  the  Mason  anticline,  is  very  irregular  in 
shape,  and  it  is  difficult  to  show  the  details  of  the  anticlinal  and 
synclinal  structures  because  of  the  small  scale  of  the  map.  The 
forces  that  produced  the  small  folds  were  here  so  nearly  balanced 
that  the  resultant  structures  have  rather  indefinite  outlines,  though 
probably  a  part  of  the  apparent  lack  of  well-defined  form  is  caused  by 
the  absence  of  information  which  would  make  possible  the  drawing 
of  more  accurate  contours. 

The  syncline  between  the  Caddo  Lake  and  Mason  anticlines  is  bet- 
ter defined  than  the  others,  though  its  bottom  lies  higher  than  some 
of  the  producing  territory  in  the  Monterey  uplift.  Another  syncline 
is  shown  in  sees.  21,  28,  and  29,  T.  21  N.,  R.  16  W.  This  trough  is 
designated  the  Trees  City  syncline,  though  in  reality  it  contains  a 
number  of  minor  anticlines.  The  portion  shown  on  the  map  is  high 
enough  to  be  above  the  level  of  producing  territory  farther  north. 
A  broad  area  where  the  sands  are  relatively  low  occupies  a  tract 
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between  the  Vivian  anticline  and  the  Monterey  uplift,  but  its  form 
is  almost  as  indefinite  as  the  Monterey  uplift,  though  here  again  lack 
of  information  may  account  for  the  inability  to  recognize  a  definite 
synclinal  shape. 

An  examination  of  the  structure  where  there  is  a  large  amount  of 
information  available  reveals  the  fact  that  the  folds  of  the  Caddo 
oil  field  are  not  the  simple  forms  that  are  represented  on  the  maps 
and  diagrams.  It  is  apparent  that  each  large  fold  is  composed  of  a 
number  of  smaller  ones  having  the  same  general  shape  and  trend. 
These  minor  folds  are  too  small  to  be  shown  on  a  map  of  the  scale 
used,  even  if  their  outline  could  be  determined,  and  at  present  the 
information  concerning  them  is  too  meager  to  show  their  shape  and 
distribution,  except  at  a  very  few  places.  They  play  an  important 
part  in  the  oil  development  at  some  localities,  because  where  other 
conditions  are  the  same  wells  located  on  the  minor  anticlines  are 
better  than  those  in  the  minor  synclines.  Their  influence  is  most  ' 
noticeable  on  wells  in  the  Nacatoch  sand,  and  they  are  of  least  im- 
portance in  the  Woodbine  sand,  where  other  factors  may  have  greater 
weight.  The  northwest-southeast  axis  of  the  Caddo  oil  field  extends 
from  the  vicinity  of  Monterey  to  a  point  just  east  of  Mooringsport. 
Its  northern  end  pitches  downward  gently  and  bears  the  oil  pool 
containing  Harrell  No.  7  of  the  Producers  Oil  Co.,  probably  the 
largest  well  ever  drilled  in  the  field.  The  crest  of  this  axis  is 
uneven,  as  it  is  affected  by  the  cross  folds.  It  is  high  at  the  points 
where  the  northeast-southwest  anticlines  cross  and  low  at  the  inter- 
sections of  the  corresponding  synclines.  The  southern  end,  which  is 
the  highest,  contains  some  excellent  gas  wells,  and  the  northern  end 
has  produced  a  large  amount  of  oil. 

LOCAL  STRUCTURAL  rEATURES. 
KAOATOCH  BAXD, 
VIVIAN    ANTICLINE. 

In  the  Caddo  oil  field  three  well-defined  northeast-southwest  anti- 
clines, whose  crests  rise  progressively  higher  from  north  to  south, 
have  been  recognized.  The  Vivian  anticline  is  a  pronounced  oval 
fold  lying  east*  of  Vivian  (PI.  VII).  It  has  furnished  a  large 
amount  of  gas  and  has  been  an  important  source  of  oil  from  the 
Nacatoch  sand.  It  possesses  the  general  characteristics  of  all  the 
folds,  being  flat-topped  and  having  relatively  steep  dips  on  its  north- 
em  margin.  The  southern  limb  of  this  anticline  has  not  been  exten- 
sively prospected,  and  it  is  not  known  whether  oil  will  be  found  upon 
it.    From  theoretical  considerations,  as  well  as  the  meager  informa- 
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tion  available,  the  southerly  dips  should  be  somewhat  gentler  than 
those  toward  the  north,  and  this  is  confirmed  by  a  few  scattered  well 
logs,  together  with  information  gained  on  a  brief  reconnaissance  of 
the  area. 

The  Vivian  anticline  has  a  curved  axis,  which  results  from  a  com- 
bination of  the  forces  that  produced  the  two  lines  of  major  folding. 
At  the  west  end  it  curves  southward  and  is  partly  interrupted  by  a 
broad  syncline  east  of  the  Monterey  pool.  The  eastern  end  of  the 
anticline  is  bent  southward,  either  as  the  result  of  the  formation  of 
another  broad  syncline  or  because  of  the  downward  flexing  of  the 
beds  at  the  east  edge  of  the  Sabine  uplift. 

In  profile  C  (fig.  5)  the  eastern  extension  of  the  apex  is  shown  as 
a  dotted  line  and  is  represented  with  a  gentle  pitch,  a  condition  sug- 
gested by  the  flattening  of  the  slope  toward  the  northeast  The  dry 
hole  in  the  northwest  comer  of  sec  36  suggests  that  in  some  places  the 
eastern  end  of  the  anticline  may  not  be  productive,  but  the  evidence 
is  not  conclusive  because  the  ground  has  not  yet  been  thoroughly 
tested. 

The  occurrence  of  oil  in  the  Nacatoch  sand  along  the  north  slope 
of  this  anticline  has  led  to  extensive  drilling  and  a  large  production 
of  fuel  oil  was  formerly  obtained.  Near  the  eastern  end  of  the  fold 
the  line  between  the  gas  and  oil  was  approximately  along  the  con- 
tour where  the  sand  is  780  feet  below  sea  level.  Below  this  line  oil 
predominated,  whereas  above  it  gas  was  found.  Salt  water  was 
encountered  below  the  800- foot  contour,  though  a  few  small  oil  wells 
were  drilled  where  the  sand  was  slightly  deeper.  Because  of  the 
existence  of  local  areas  where  the  sands  were  elevated  by  minor  anti- 
clines successful  wells  were  encountered  in  a  few  places  at  depths  of 
less  than  800  feet  below  sea  level  in  the  area  below  the  800-foot 
contour.  Similar  local  irregularities  account  for  the  occurrence  of 
gas  at  what  appears  to  be  unusually  low  levels,  and  minor  depressions 
in  the  form  of  small  synclines  account  for  the  existence  of  oil  wells 
within  the  margin  of  the  gas-producing  territory. 

Near  the  western  end  of  the  Vivian  anticline  the  general  northerly 
dip  becomes  gentler,  and  both  gas  and  oil  are  found  at  greater  depths 
in  the  Nacatoch  sand.  The  influence  of  minor  folds  is  also  manifest 
over  a  much  wider  area;  gas  wells  are  found  on  minor  anticlines 
among  the  oil  wells,  and  oil  wells  are  located  in  small  synclines  some 
distance  southeastward  in  gas-producing  territory.  In  some  of  these 
places,  where  the  detailed  logs  of  wells  in  the  vicinity  are  available, 
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the  local  character  of  the  folds  is  evident.  For  similar  reasons  the 
border  between  the  oil  and  salt  water  is  irregular,  and  the  number 
of  wells  that  are  failures  is  apt  to  be  large,  because  the  success  of  a 
well  on  a  small  anticline,  beyond  the  limits  of  supposed  productive 
territory,  encourages  useless  drilling.  When  the  local  character  of 
the  uplifts  that  give  successful  wells  outside  the  main  belt  of  pro- 
duction is  understood  it  should  serve  as  a  check  on  extensive  opera- 
tions in  unfavorable  territory. 

At  the  extreme  western  end  of  the  syncline  southwest  of  Vivian 
the  oil  extends  to  a  somewhat  greater  depth  than  it  does  farther  east, 
and  many  productive  wells  are  obtained  where  the  sand  is  more  than 
800  feet  below  sea  level.  However,  the  structure  is  connected  with 
that  farther  west,  and  it  will  be  discussed  with  the  other  anticlines. 

MONTEREY  tTPLIFT. 

The  structure  contours  of  the  Nacatoch  sand  show  complex  fold- 
ing south  of  Monterey  (PL  VII),  with  a  long,  gentle  northwesterly 
dip  and  a  similar  but  steeper  inclination  toward  the  west  The  form 
of  the  uplift  here  is  so  lacking  in  symmetry  that  the  term  anticline 
is  scarcely  appropriate.  The  Nacatoch  sand  lies  so  deep  on  the  outer 
margins  of  this  uplift  that  large  areas  are  barren,  though  oil  has 
been  found  in  the  south  half  of  sec.  10,  T.  21  N.,  R.  16  W.,  and  there 
have  been  a  few  shallow  oil  wells  to  the  north  and  northeast,  most  of 
them  beyond  the  825-foot  contour.  A  notable  example  of  such  a 
well  is  the  Producers  Oil  Co.'s  No.  1,  Fee,  in  the  SW.  i  SE.  i  sec.  3, 
T.  21  N.,  R.  16  W.  This  well  is  located  near  the  850-foot  cWtour, 
but  it  encountered  a  minor  anticline,  where  the  sand  was  locally 
relatively  high  and  a  small  production  was  obtained.  To  the  north 
and  west  of  this  well  and  on  the  west  side  of  Jeems  Bayou  the  Naca- 
toch sand  is  low  and  is  relatively  barren.  Near  the  southeast  comer 
of  the  NE.  i  sec.  21,  T.  21  N.,  R.  16  W.,  a  small  supply  of  gas  was 
obtained  from  one  well.  The  formation  has  not  been  prospected  for 
oil  on  the  west  side  of  Jeems  Bayou,  but  to  judge  from  the  altitude 
of  the  sand  only  a  small  area  near  the  bayou  would  be  productive. 

East  of  the  bayou  extensive  areas  of  both  oil  and  gas  are  known, 
and  doubtless  oil  and,  in  some  places,  gas  could  be  obtained  from 
the  Nacatoch  sand  in  the  bayou.  In  sees.  11,  12,  13,  14,  23,  24,  25, 
and  part  of  26,  as  well  as  farther  south  and  east,  oil  and  gas  have 
been  obtained  from  this  formation.  In  this  area,  where  the  dips  are 
slight,  salt  water  is  locally  troublesome  unless  wells  are  carefully  fin- 
ished. Among  the  productive  gas  and  oil  wells  in  this  territory  are 
those  which  belong  to  the  Rodgers  Oil  &  Gas  Co.,  and  the  large  pro- 
portion of  good  wells  indicates  a  general  prevalence  of  favorable 
conditions. 
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MASON  ANTICLINE  AND  STNCLINS. 

Oil  has  been  found  in  the  Nacatoch  sand  in  Jeems  Bayou  and 
east  of  the  bayou  in  sec.  84,  T.  21  N,,  E.  16  W.  The  structure  here 
(PL  VII)  indicates  a  slight  easterly  dip  away  from  a  small  fold, 
the  Mason  anticline,  that  extends  east  of  Masons  Landing  and  north- 
east into  sec.  34.  The  axis  of  this  fold  is  curved  sharply  to  the  east 
in  sees.  33  and  34.  The  principal  wells  obtaining  oil  from  the  Naca- 
toch sand  belong  to  the  Higgins  Fuel  &  Oil  Co.  A  gas  well  of  the 
Koster  Oil  Co.,  in  the  SW.  i  SW.  ^  sec.  34,  is  located  on  a  minor 
anticline. 

There  is  a  broad  syncline  in  the  northern  part  of  T.  20  N., 
E.  16  W.,  and  the  southeast  comer  of  T.  21  N.,  E.  16  W.  The  Naca- 
toch sand  in  this  syncline  is  mostly  above  the  800-foot  contour,  and 
oil  may  be  obtained  in  the  lowest  portion.  Gas  is  encountered  in 
a  minor  anticline  in  the  bottom  of  the  large  syncline  and  in  the  terri- 
tory to  the  southeast,  where  the  Nacatoch  is  relatively  high. 

CADDO  LAKE  UPLXTT. 

On  the  Caddo  Lake  uplift  (PL  VII),  the  highest  and  most  exten- 
sive in  the  field,  the  Nacatoch  sand  rises  to  less  than  550  feet  below 
sea  level,  and  the  distribution  of  the  contours  shows  that  the  fold 
has  a  flat  top  and  steep  slopes.  Throughout  this  large  area  the 
structure  is  favorable  for  the  occurrence  of  gas  in  the  Nacatoch 
sand.  However,  the  formation  thins  greatly  on  some  portions  of 
this  uplift,  and  locally  its  porosity  is  diminished,  so  that  in  some 
places  it  does  not  contain  much  gas.  Development  of  gas  has  been 
extended  along  what  appears  to  be  a  spur  of  this  uplift  southeast- 
Ward  nearly  to  the  township  line  in  sees.  31  and  32,  T.  20  N.,  E.  15  W. 
Conditions  favorable  to  the  occurrence  of  gas  continue  to  the  north- 
eastward through  the  Pine  Island  district  and  as  far  east  as  sec.  10, 
T.  20  N.,  E.  15  E. 

BL0B80X  SAJTD  XSXBEB  OF  EAQLE  FOBD  CLAY  AKD  WOOBBZNE   8AVD. 

MONTEREY   UPLIFT.    ^ 

The  Monterey  uplift  (PL  VII)  is  irregular  in  outline  with  slopes 
toward  the  west,  northwest,  and  southwest  that  are  extensive  but  not 
everywhere  alike.  The  northwestward  dip,  as  shown  by  contours 
on  the  top  of  the  Blossom  sand,  is  moderate,  the  maximum  being 
100  feet  to  the  mile  near  the  apex  of  the  uplift  and  gradually  decreas- 
ing to  less  than  50  feet  toward  the  margin.  The  western  slope  is 
somewhat  steeper,  but  there  is  a  marked  flattening  of  the  dip  on  the 
.  outskirts  of  the  uplift.  Throughout  the  uplift  the  dips  of  the  sur- 
face of  the  Blossom  sand  are  slightly  greater  than  those  shown  by 
the  contours  of  the  surface  of  the  Nacatoch  sand. 
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The  interval  between  the  top  of  the  Blossom  sand  and  the  arena- 
ceous beds  in  the  Woodbine  sand  is  somewhat  irregular  on  the 
Monterey  uplift,  but  the  variations  are  in  general  less*  numerous 
than  in  other  parts  of  the  field.  In  a  large  number  of  wells  the 
depth  of  the  oil  sand  below  the  top  of  the  Blossom  sand  lies  between 
350  and  375  feet;  in  many  others  the  depths  are  from  330  to  350 
feet.  The  interval  between  these  sands  as  a  rule  is  less  than  380 
feet,  though  in  a  few  wells  it  falls  below  300  and  in  two  wells 
amounts  to  slightly  more  than  400  feet.  In  one  well  the  interval 
between  the  tops  of  the  sands  is  about  215  feet,  and  near  the  northern 
end  of  the  uplift  a  well  was  drilled  to  a  depth  of  525  feet  below  the 
top  of  the  Blossom  sand  before  encountering  a  sand  bed  in  the 
Woodbine,  but  these  conditions  are  both  unusual. 

The  Monterey  uplift  has  been  very  productive.  Successful  wells 
were  numerous,  some  of  them  very  large,  the  best  being  the  Pro- 
ducers Oil  Co.'s  Harrell  No.  7,  in  sec.  4,  T.  21  N.,  R.  16  W.  The  most 
uniform  development  has  been  on  the  leases  of  the  Standard  Oil  Co., 
where  the  sands  dip  down  toward  the  shallow  Trees  City  syncline 
shown  on  the  structural  map.  This  territory  has  furnished  a  large 
number  of  excellent  wells,  and  some  of  them  have  had  initial  produc- 
tions of  several  thousand  barrels  a  day.  The  bottom  of  the  syncline 
is  suflSciently  high  to  be  above  the  level  where  the  beds  are  saturated 
with  salt  water  and  it  has  been  uniformly  productive.  Deep  drilling 
on  the  eastern  slope  of  the  Monterey  uplift  has  so  far  proved  unprofit- 
able except  near  the  southern  end. 

MASON  ANTICLINE. 

The  crest  of  the  Mason  anticline  (PI.  VII),  as  shown  by  the  con- 
tours on  the  Blossom  sand,  extends  from  the  vicinity  of  the  Bonham 
lease  of  the  Oulf  Refining  Co.  northeastward  to  sees.  34  and  35, 
T.  21  N.,  R.  16  W.,  where  it  turns  northward  toward  sec.  23  of  the 
same  township  and  range.  The  information  on  which  this  contouring 
is  based  is  meager,  and  subsequent  developments  may  necessitate  con- 
siderable modification,  especially  near  the  northern  end  of  this  anti- 
cline. On  the  apex  of  the  fold  the  Blossom  sand  rises  to  somewhat 
less  than  1,675  feet  below  sea  level,  and  the  anticline  has  a  fiat  top 
with  steep  dips  toward  the  west  and  northwest.  The  production  is 
mostly  from  one  or  more  sands  in  the  Woodbine  at  depths  of  350  to 
slightly  more  than  400  feet  below  the  top  of  the  Blossom  sand,  which 
is  shown  by  the  broken  contour  lines  on  Plate  VII.  Some  wells  en- 
countered sand  beds  that  may  have  furnished  oil  at  depths  of  about 
250  to  260  feet  and  one  at  only  about  215  feet  below  the  top  of  the 
Blossom  sand,  but  in  a  few  the  interval  is  greater  than  400  feet.    In 
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general  drilling  on  the  slopes  and  top  of  this  anticline  has  been  suc- 
cessful, and  a  large  area  has  not  jet  been  exploited. 

The  wells  on  the  western  side  of  this  anticline  have  been  uniformly 
successful,  and  some  especially  large  ones  have  be^i  procured  by  the 
Producers  Oil  Co.,  the  Busch-Everett  Oil  Co.,  and  the  Standard  Oil 
Co.,  in  sec.  83,  T.  21  N.,  R.  16  W.,  near  the  top  of  the  slope,  where  the 
beds  dip  steeply  down  from  the  top  of  the  fold.  Farther  southwest 
and  across  the  State  line  in  Texas  the  rich  Burr  pool  of  the  J.  M. 
Guffey  Petroleum  Co.  is  located  farther  down  the  slope  of  the  anti- 
cline. The  Standard  Oil  Co.  has  drilled  a  large  number  of  successful 
wells  on  the  north  limb  of  this  anticline  as  well  as  in  the  shallow  svn- 
cline  just  north  of  it. 

In  the  syncline  south  of  the  Mason  anticline  many  successful  wells 
have  been  drilled,  some  of  them  being  large.  The  best  yield  in  this 
portion  of  the  field  was  from  the  Producers  Oil  Co.'s  well  on  the 
Atlanta  Shreveport  Oil  &  Gas  Co.  lease  in  sec.  3,  T.  20  N.,  R.  16  W. 
This  well  lies  north  of  the  bottom  of  the  trough,  and  though  the  struc- 
ture here  is  synclinal  it  should  be  noticed  that  the  elevation  of  the 
Blossom  sand  is  but  little  below  the  elevation  of  the  same  sand  where 
the  large  wells  were  procured  in  sec  33  in  the  township  to  the  north, 
and  it  is  not  very  different  from  the  elevation  of  the  Burr  pool  on  the 
opposite  slope  of  the  Mason  anticline.  The  interval  between  the  top 
of  the  Blossom  sand  and  the  producing  beds  in  the  Woodbine  sand 
is  in  most  places  about  325  to  375  feet,  though  a  few  wells  contain 
sands  within  250  feet  of  the  top  of  the  Blossom  sand,  and  in  still 
fewer  there  is  an  interval  of  slightly  more  than  400  feet. 

CADDO  TAKE   T7PLIFT. 

Beneath  the  bed  of  Caddo  Lake  (PI.  VII)  and  extending  to  the 
east  and  southeast  is  a  large  anticline  that  represents  the  culmina- 
tion of  the  structural  features  of  the  field,  on  which  the  Blossom 
sand  rises  to  about  1,500  feet  or  less  below  sea  level.  The  anticline 
is  broad  and  its  axis  trends  north  of  east,  a  branch  apparently  ex- 
tending toward  the  southeast  at  a  right  angle  to  the  main  fold. 
North  of  Mooringsport  this  branch  merges  with  an  anticline  that  is 
approximately  parallel  with  the  Caddo  Lake  anticline.  The  axis  of 
the  anticline  that  extends  into  the  Caddo  Lake  basin  has  a  distinct 
slope  (pitch)  in  a  direction  about  west-southwest  The  slope  of  the 
contours  of  the  Mason  anticline  indicates  a  similar  pitch,  but  the  in- 
formation concerning  this  territory  is  not  as  complete  as  that  for 
the  Caddo  Lake  anticline. 

Many  successful  wells  have  been  drilled  on  the  north  side  of  the 
Caddo  T^ke  anticline,  and  those  on  the  upper  part  of  the  slope,  near 
the   lake,  have  been   especially   good.    In   the   vicinity   of  Caddo 
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some  large  wells  have  been  obtained  in  the  Annona  chalk,  but  the 
wells  penetrating  the  Woodbine  sand  in  the  same  neighborhood 
have  not  been  as  successful  as  the  structure  would  lead  one  to  expect. 
In  the  Pine  Island  district  good  wells  have  been  procured  on  the 
north  slope  of  this  anticline,  but  they  have  not  proved  lasting  and 
much  trouble  has  been  experienced  with  salt  water. 

On  the  north  slope  of  the  Caddo  Lake  anticline  the  general  range 
of  depth  for  the  Woodbine  sand  below  the  top  of  the  Blossom  sand 
is  from  about  325  feet  to  about  375  feet.  Very  few  wells  report  this 
interval  to  be  less  than  325  feet,  though  in  two  or  three  it  drops  to 
250  to  300  feet.  Several  wells  encoimter  sands  at  400  to  450  feet 
below  the  same  datum  plane;  some  wells  penetrated  as  many  as  three 
successive  sand  beds  and  two  sands  are  not  uncommon. 

On  the  top  of  this  anticline  wells  have  been  generally  successful, 
though  many  of  them  are  small.  Where  there  is  a  definite  westward 
pitch  to  the  crest  of  the  fold  some  good  wells  have  been  obtained, 
and  in  sec.  19,  T.  20  N.,  R.  16  W.,  where  there  is  another  anticline,  a 
very  rich  pool  contains  a  number  of  large  wells  within  a  radius  of 
less  than  one- fourth  of  a  mile. 

Two  other  small  pools,  each  with  a  single  large  well,  were  en- 
countered on  the  anticline  that  lies  south  of  the  main  Caddo  Lake 
uplift  andr  west  of  the  extension  to  the  southeast.  One  of  these 
pools  was  located  at  the  north  edge  of  the  village  of  Mooringsport 
and  included  the  large  Noel  well  of  the  Atlas  Oil  Co.;  the  second 
was  near  the  boundary  between  sees.  26  and  35,  T.  20  N.,  R.  16  W., 
and  centered  about  the  Star  Oil  Co.'s  Loucks  No.  3. 

Meager  information  concerning  the  Woodbine  sand  on  the  apex  of 
the  Caddo  Lake  uplift  indicates  that  although  in  a  few  places  it  is 
about  800  feet  below  the  Blossom  sand  in  most  wells  the  intervals  are 
from  350  to  375  feet.  Some  wells  encountered  the  deep  sand  400  to 
450  feet  below  the  datum  and  extreme  depths  of  slightly  more  than 
550  feet  were  reported.  On  the  south  and  west  sides  of  the  uplift  the 
development  has  been  recent  and  information  is  not  yet  available  for 
publication;  however,  the  successful  wells  appear  to  be  located  on 
pools  of  smaller  area  than  those  farther  north.  Some  oil  lias  been 
obtained  on  the  Standard  Oil  Co.'s  Hunter  lease  in  the  northeast  comer 
of  the  NW.  1  sec.  5,  T.  19  N.,  R.  16  W.,  on  the  Hardy  lease  belonging 
to  the  same  company,  on  the  south  side  of  the  lake,  and  on  the  lease 
of  the  Providence  Oil  &  Gas  Co.  in  Texas.  A  successful  well  has 
also  been  drilled  by  the  Atlas  Oil  Co.  in  the  south  half  of  fractional 
sec.  17,  T.  20  N.,  R.  16  W.,  thus  extending  the  area  of  possible  pro- 
duction somewhat  beyond  its  former  limits. 

An  unusually  good  well  of  the  Brown  Oil  Co.  is  located  in  sec.  4, 
T.  20  N.,  R.  15  W. ;  it  has  been  flowing  steadily  with  a  good  yield  for 
over  five  years.    In  sec.  10,  T.  20  N.,  R.  16  W.,  the  Black  Bayou 
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and  Natalie  oil  companies  have  drilled  several  successful  wells,  leav- 
ing a  large  intervening  area  untested.  These  wells  are  all  located  on 
the  Caddo  Lake  uplift,  but  the  information  at  hand  is  not  sufficient 
to  contour  the  structure  in  that  portion  of  the  field. 

Some  deep  wells  have  been  drilled  near  the  eastern  end,  on  the 
northern  slope  of  the  Vivian  anticline,  to  test  the  Woodbine  sand,  but 
though  good  sand  beds  have  been  encountered  they  have  proved  un- 
productive. Another  deep  well  was  drilled  toward  the  apex  of  the 
anticline  on  the  soutii  side.  These  wells  all  show  some  traces  of  oil 
in  the  Woodbine,  but  none  of  them  encountered  paying  quantities. 

STRUCTURAL    FEATtJKES    IN    THE    REGION    ADJACENT    TO    THE    CADDO    OIL 

FIELD. 

Structural  features  similar  to  those  shown  on  the  map  of  the  Caddo 
oil  field  are  known  to  exist  at  Shreveport  and  near  Naborton  in  De 
Soto  Parish.  The  structure  at  these  localities  is  so  much  like  that  of 
the  Caddo  oil  field  as  to  suggest  that  it  has  a  similar  origin.  If  the 
northwest-southeast  uplift  of  the  Caddo  field  continues  in  a  straight 
line  it  passes  through  the  Naborton  field  but  lies  a  short  distance  west 
of  Shreveport.  However,  it  is  unlikely  that  any  fold  in  this  region 
has  such  great  extent  in  a  straight  line,  and  it  is  more  probable  that  the 
axis  of  the  uplift  curves  slightly  and  is  interrupted  by  numerous 
synclinal  troughs. 

BKBEVEPOBT  AVTIOLIHE. 

The  Shreveport  anticline  is  imperfectly  known,  but  from  the  few 
wells  that  have  been  drilled  there  appears  to  be  a  low  southwest- 
northeast  fold  comparable  with  some  of  those  in  the  Caddo  field. 
The  Nacatoch  sand  has  an  elevation  of  less  than  740  feet  below  sea 
level  and  in  several  wells  it  has  been  encountered  at  depths  of  750 
to  775  feet.  This  fold  is  high  enough  to  permit  drilling  of  successful 
gas  wells,  provided  care  is  exercised  in  finishing  them.  Salt  water  is 
troublesome  in  some  of  the  minor  synclines  that  are  superimposed  on 
the  major  fold,  and  there  is  a  great  variation  in  the  yield  of  gas  wells 
situated  a  short  distance  from  each  other.  In  general  those  wells 
that  encounter  the  sand  on  one  of  the  minor  anticlines  similar  to 
those  described  in  the  discussion  of  the  Caddo  field  are  more  suc- 
cessful than  the  wells  situated  in  the  synclines.  Toward  the  south-  • 
west  edge  of  Caddo  Parish,  in  the  vicinity  of  Keithville,  enough 
drilling  has  been  done  to  show  that  the  Nacatoch  sand  is  too  low  to 
supply  gas,  though  a  small  quantii;;^  occurs,  together  with  much  salt 
water.  A  somewhat  similar  difficulty  was  encountered  at  Beisor,  a 
few  miles  north  of  Keithville. 

The  Shreveport  anticline  has  not  supplied  any  oil,  though  a  few 
attempts  have  been  made  to  test  the  deep  sands.  In  general  the 
formations  below  the  Nacatoch  appear  to  be  somewhat  more  sandy 
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than  they  are  farther  north,  in  the  Caddo  field.  This  anticline 
should  be  thoroughly  tested  at  least  to  depths  as  great  or  slightly 
greater  than  the  pay  sands  in  De  Soto  Parish. 


Veatch^  reports  gas  and  salt  water  in  the  Nacatoch  (?)  sand  at 
Frierson  at  a  depth  of  800  feet  below  sea  level.  More  definite  infor- 
mation from  this  locality  suggests  that  the  sand  described  may  have 
been  an  unusually  thick  lens  in  the  lower  part  of  the  Arkadelphia 
clay,  and  that  the  Nacatoch  sand  may  lie  20  to  30  feet  deeper.  Here, 
as  at  Shreveport,  all  the  Cretaceous  f  ormaticxis  are  more  sandy  than 
in  the  Caddo  field,  but  unless  some  locality  can  be  found  where  the 
sands  are  higher  than  where  deep  drilling  has  been  done  there  does 
not  appear  to  be  any  favorable  indication  of  the  occurrence  of  either 
gas  or  oil  in  commercial  quantities. 

VABOBTOV    AHD    VIOIHITT. 

In  De  Soto  Parish  structures  similar  to  those  in  the  Caddo  field  have 
been  known  for  some  time,  and  though  detailed  information  con- 
cerning this  field  is  not  available  for  publication,  the  anticline  in  the 
vicinity  of  Naborton  is  known  to  be  about  as  high  as  the  Caddo  Lake 
anticline.  All  the  Cretaceous  formations  contain  a  larger  proportion 
of  sand  here  than  they  do  in  the  Caddo  field,  and  the  oil  comes  from 
a  deeper  bed,  possibly  in  the  Woodbine  sand  or  some  older  formation. 
It  is  not  yet  known  whether  the  Naborton  pool  is  located  on  the  highest 
part  of  this  uplift,  but  the  sands  distinctly  pitch  south  of  west  and 
the  fold  passes  north  of  the  properties  owned  by  the  Mansfield  Gas 
Co.  Dips  both  north  and  south  from  the  pool  indicate  that  the  field 
is  near  the  axis  of  the  anticline,  and  if  there  are  any  higher  portions 
they  must  lie  northeast  of  the  producing  wells. 

Other  anticlines  similar  to  the  one  at  Naborton  occur  at  intervals  as 
far  south  as  the  northern  line  of  Natchitoches  Parish,  but  the  height 
of  the  successive  folds  diminishes  toward  the  southeast,  and  those 
nearest  the  Naborton  anticline  may  be  more  favorable  locations  for 
wildcat  wells  than  those  farther  south. 

North  of  the  Naborton  anticline  a  similar  fold  probably  accounts 
for  the  large  gas  well  of  the  Producers  Oil  Co.  Between  this  locality 
and  Shreveport  there  probably  are  other  folds  of  similar  character, 
but  that  area  has  not  yet  been  examined  in  detail. 

BABIHE   PABI8H. 

About  15  miles  south  of  the  Naborton  field,  in  De  Soto  Parish, 
drilling  has  been  carried  on  for  two  or  three  years.    Since  the  prepara- 

^Veatch,  A.  C.»  Geology  and  onderground  water  resources  of  northern  Louisiana  and 
•onthern  Arkansas :  U.  S.  GeoL  Survey  Prof.  Paper  40,  pp.  26,  210,  211,  1906. 
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tion  of  the  major  portion  of  this  report  a  small  well  yielding  some 
oil  has  been  finished  in  the  southern  pai*t  of  T.  10  N.,  B.  12  W.,  a 
short  distance  south  of  the  boundary  between  De  Soto  and  Sabine 
parishes  and  only  a  few  miles  from  the  town  of  Pelican  on  the  Texas 
&  Pacific  Railway.  This  successful  well  is  of  considerable  interest 
because  it  expands  the  area  of  possible  production  nearly  to  the 
southern  boundary  of  the  Sabine  uplift  of  Harris.  The  producing 
sand  is  reported  at  somewhat  greater  depth  than  in  De  Soto  Parish. 

In  Tps.  7  and  8  N.,  R.  12  W.,  several  wells  have  been  drilled  by 
McCann  &  Harper  for  the  Lumberman's  Oil  &  Gas  Co.,  but  none  of 
them  have  been  successful.  The  logs  of  all  these  wells  are  difficult  to 
interpret  in  the  absence  of  samples  of  the  drillings  or  of  fossils  from 
the  formations  below  the  surface.  However,  it  is  possible  that  the 
Nacatoch  sand  has  been  reached  in  only  one  or  two  of  these  wells, 
where  a  sand  is  reported  to  contain  a  large  volume  of  salt  water. 
Opposed  to  this  theory  is  the  fact  that  chalk  is  reported  in  all  the 
wells  at  depths  which  vary  from  2,000  to  2,600  feet  from  the  sur- 
face. However,  this  chalk  may  be  a  limestone  in  the  basal  Eocene 
(Midway  formation).  These  interpretations  are  tentative  and  sub- 
ject to  revision  whenever  satisfactory  samples  can  be  obtained  from 
deep  drillings  in  this  neighborhood.  It  is,  however,  certain  that  none 
of  the  wells  have  reached  the  deep  producing  sands  of  the  Caddo  or 
De  Soto  Parish  fields.  From  Veatch's  report  ^  it  appears  that  there 
should  be  a  very  distinct  flexure  (the  Angelina  flexure)  crossing  this 
part  of  Sabine  Parish,  and  from  comparison  of  some  of  the  well  logs 
it  is  inferred  that  this  or  a  similar  fold  may  lie  south  of  the  wells 
drilled  for  the  Lumberman's  Oil  &  Gas  Co.  This  suggestion  is,  of 
course,  tentative,  because  this  field  has  not  yet  been  examined  to  deter^ 
mine  the  exact  structure,  and  it  may  be  found  on  careful  examination 
of  the  region  that  the  Angelina  fold  passes  to  the  north  of  this  group 
of  wells,  in  the  neighborhood  of  the  Logan  well  of  the  Pasadena 
Oil  Co. 

OCCURRENCE  OF  OHj  AND  GAS. 

NACATOCH  SAND  C'  CADDO  "  GAS  SAND,  *'  SHBEVEFOBT  "  GAS 

SAND). 

The  Nacatoch  sand  (see  PI.  VIII)  is  the  most  important  gas  sand 
of  the  field  and  has  produced  some  low-gravity  oil  suitable  for  f ueL 
The  description  of  the  formation  given  in  the  discussion  of  the 
geology  includes  some  sections  selected  from  among  a  large  number  of 
well  logs.  These  sections  show  that  the  formation  contains  many 
alternations  of  soft  and  hard  layers,  locally  known  as  cap  rocks.  The 
thickness  of  the  formation  ranges  from  about  50  feet  to  over  150  feet, 

» Veatch,  A.  C,  op.  cit.,  pp.  2«,  210.  211. 
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but  only  the  upper  part  contains  oil  or  gas.  Locally,  as  at  some  points 
east  of  Vivian,  the  gas  occurs  in  the  upper  part  of  the  formation, 
separated  from  the  oil  or  salt  water  below  by  a  hard  bed  known  as 
a  cap  rock,  but  even  in  wells  located  near  each  other  this  cap  rock 
may  lie  between  the  oil  and  gas  in  one  and  not  in  another,  because 
the  hard  layers  are  not  persistent.  Where  the  gas  or  oil  bearing 
sand  is  limited  to  a  few  feet  in  the  upper  part  of  the  formation  it  is 
necessary  to  use  great  care  in  completing  a  well,  because  if  it  is  drilled 
too  deep  or  the  gas  is  allowed  to  flow  unchecked  salt  water  may 
interfere  with  production.  In  the  early  development  of  the  field  this 
was  not  always  imderstood,  but  the  danger  of  salt  water  is  now 
avoided,  as  far  as  possible,  by  drilling  only  a  short  distance  into  the 
formation,  or  in  many  gas  wells  by  merely  puncturing  the  hard  rock 
that  caps  the  sand. 

ANNONA  CHALK 

The  Annona  chalk  has  supplied  to  a  few  wells  large  quantities  of 
oil  of  relatively  low  gravity,  which  may  occur  in  crevices  or  in  porous 
beds  of  chalk  or  sand  of  small  extent.  The  initial  yields  of  some  of 
these  wells  have  been  large ;  for  example,  the  Richardson  and  Busch- 
Everett  wells,  east  of  Caddo,  and  the  Alamo  well  No.  2  of  the 
Caddo  town  site.  The  Alamo  No.  2  was  a  large  gusher  and  attracted 
the  attention  of  many  operators  from  the  salt-dome  fields  of  the 
Gulf  coast,  who  acquired  small  holdings  in  the  vicinity  and  drilled 
a  large  number  of  unsuccessful  wells. 

BLOSSOM  SAND  MEHBEB  OE  BAGLE  FOBB  CLAY. 

The  Blossom  sand  (1,800-foot  sand,  sandrock;  see  PL  VIII)  is 
discussed  under  the  heading  "  Geology."  Nearly  all  wells  that  pene- 
trate this  sand  are  reported  to  show  strong  gas  pressure  with  salt 
water  immediately  below.  During  1913  the  Arkansas  Natural  Gas 
Co.  finished  a  gas  well  in  this  sand  which  had  a  capacity  of  18,000,000 
cubic  feet,  and  it  is  probable  that  other  attempts  will  be  made  to 
develop  this  gas,  especially  in  portions  of  the  oil  field  where  it  is  diffi- 
cult to  obtain  enough  gas  for  drilling  and  pumping  operations. 
Some  showings  of  low-gravity  oil  are  reported  in  the  Blossom  sand, 
and  one  successful  well  is  thought  to  derive  oil  from  it,  though  in  no 
other  places  have  attempts  been  made  to  test  the  oil-bearing  capacity 
of  this  sand.  Wells  located  near  the  margin  of  the  area  where  the 
formation  contains  gas  should  furnish  favorable  opportunities  for 
determining  the  value  of  the  oil  showings. 

WOODBINE  SAND. 

The  Woodbine  sand  is  the  source  of  the  high-grade  oil  in  the  Caddo 
field,  and  in  many  places  there  is  sufficient  gas  to  cause  strong  flows 
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when  the  w»ills  are  firet  drilled.  Locally,  where  conditions  are 
especially  favorable,  large  yields  of  dry  gas  are  encountered  in  this 
formation,  though  when  allowed  to  flow  freely  some  of  the  gas  wells 
soon  yield  oil.  The  depth  to  the  oil  in  the  Woodbine  sand  differs 
from  place  to  place  and  in  many  parts  of  the  field  two  or  more  pro- 
ducing  sands  are  reported  in  the  same  or  in  different  wells.  In 
general  it  may  be  said  that  there  are  two  fairly  definite  productive 
horizons,  one  about  225  to  275  feet  below  the  top  of  the  Blossom 
sand  and  another  about  325  to  375  feet  below  the  same  datum.  The 
variations  from  these  depths  are  numerous  and  the  exact  depth 
of  the  oil  sand  in  many  wells  is  not  determinable,  because  the  drill- 
ings show  so  little  sand  as  to  ^ve  the  impression  that  the  oil  comes 
from  one  or  more  of  the  numerous  shale  beds.  The  small  quantity  of 
sand  is  due  to  the  fact  that  the  well  is  finished  near  the  top  of  the 
sand.  In  many  places  wells  of  this  kind  yield  Oc  large  quantity  of 
oil  for  a  short  time.  The  approximate  depth  from  the  surface  to  the 
oil  sand  can  be  obtained  at  any  point  on  the  map  by  adding  225  to 
375  feet  to  the  elevation  of  the  surface  above  sea  level  plus  the  depth  of 
the  Blossom  sand  below  sea  level.  It  is  not  known  whether  extreme 
depths  of  500  to  550  feet  below  the  top  of  the  Blossom  sand  indicate 
local  lenses  of  oil-bearing  sand  below  the  principal  horizons  or 
whether  the  figures  given  are  erroneous. 

A  still  deeper  sand  than  those  mentioned  in  the  foregoing  discus- 
sion is  shown  by  the  logs  of  some  wells,  but  its  capacity  for  produc- 
ing oil  has  not  been  adequately  tested.  It  was  probably  this  sand 
that  supplied  some  oil  of  surprisingly  low  gravity  in  the  Standard 
Oil  Co.'s  Barlow  No.  1.  The  low  gravity  may  have  been  due  to  a 
loss  of  volatile  constituents  as  a  result  of  flowing  through  a  large 
volume  of  warm  salt  water,  and  it  is  to  be  hoped  that  this  horizon 
will  be  more  thoroughly  tested  at  localities  where  the  structure  is 
favorable  with  the  salt  water  from  the  higher  sands  excluded. 

The  porous  beds  in  the  Woodbine  sand  are  very  irregular  in  distri- 
bution, and  a  few  detailed  sections  have  been  selected  to  show  their 
relations. 

Detailed  sections  of  parts  of  the  Woodbine  sand. 


Vo.  1. 

Pect 

Rock 5 

Shale  and  sand 2 

Hard  sand  showing  oU 21 

Shale 11 

Gumbo 14 

Shale  and  oil  sand __     . .  40 

Successful,    nonflotving. 

14738"— Bull.  61$>— 16 4 


Ho.  1— Continued. 

Feet. 

Shale 12 

Gumbo 5 

Sandrock  showing  some  oil 17 

Sandrock 14 

Packed  sand 0 

Shale 2 
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Detailed  sections  of  parts  of  the  Woodbine  sand — Continued. 


Vo.  9. 

Feet 

Gumbo  and  shale 24 

Sbale 11 

Gumbo 16 

Hard  shale 24 

Hard  gumbo 22 

Gumbo  and  shale  with  some  sand-  89 

Hard  sandy  shale,  in  part  red 27 

Flowed  by  heads. 

Vo.  8. 

Shale  and  gumbo 42 

Shale 20 

Sandrock  showing  oil 4 

Shale  and  sandrock 6 

Shale  and  gumbo 40 

Sandrock 1+ 

A  good  well. 

Vo.  4. 

Gumbo 15 

Gumbo  and  shale 3 

Black  shale 6 

Hard  shale 19 

Shale  showing  light  oil  and  gas 10 

Shale 5 

Pink  shale 10 

Hard  shale 4 

Rock 1 

Hard  rock 2 

Kock 3 

Oil  and  gas  sand 10 

Shale 5 

Rock  showing  oil 11 

Hard  rock  showing  oil  and  gas 4 

Vo.  6. 

Gumbo 10 

Rock 1 

Sandy  shale  showing  oil 80 

Hard  gumbo 17 

Hard  shale 10 

Oil  sand  showing  a  little  oil 12 

Limerock 13 

Hard  shale 10 

Hock 4 

Sandrock 9 

Sand  and  shale  showing  oil  and 

salt  water 12 

Gumbo 8 

Rock 6 

Hard  shale 15 

Gumbo 9 


Vo.  S-<Vntlxiii«d. 

Feet. 

Shale  with  layers  of  rock 9 

Gumbo 6 

Hard  shale 19 

Rock 1 

Brown  shale 15 

Rock 2 

Brown  shale 16 

Rock 2 

Sandy  shale 18 

White  rock 3 

Blue  shale 10 

A  salt-water  well. 

Vo.  6. 

Top  of  section  255  feet  below  top 
of  Blossom  sand. 

Hard  shale ii 

Rock  showing  gas 5 

Top  of  this  sand  266  feet  below  top 
of  Blossom  sand. 

Hard  sand 14 

Soft  rock  and  shale 15 

Hard  black  shale 12 

Soft  shale  and  rock 72 

Hard  gas  rock 3 

Top  of  this  sand  383  feet  below  top 
of  Blossom  sand. 

Hard  slate  and  rock 14 

Soft  shale  showing  oil 15 

Top  of  this  sand  410  feet  below  top 
of  Blossom  sand. 

Rock  and  hard  shale 47 

Soft  shale 4 

Hard  shale  and  rock 4 

Vo.  7. 

Top  of  section  135  feet  below  top 
of  Blossom  sand. 

Gumbo  and  shale 40 

Hard  thin  laminated  shale 23 

Shale 66 

Hard  shale 43 

Shale 92 

Pink  shale 6 

Rock  or  hard  shale 2 

Pink  shale 4 

Gumbo 3 

Soft  rock  or  shale 2 

Shale 65 


Ho.  9. 

Feet 

Hard  shale,  top  of  section  288  feet 
below  top  of  Blossom  sand 72 

Shale,  top  of  which  is  355  feet 
below  top  of  Blossom  sand, 
small  showing  of  oil 17 

Red  shale 7 

Gray  and  red  shale,  salt  water  379 
feet  below  top  of  Blossom  sand.    18 
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Detailed  nectiom  of  parts  of  the  Woodbitw  mnd — C^ontinued. 

Ho.  S. 

Top  of  section  214  feet  below  top 

of  Blossom  sand.  ^eet. 

Shale  and  gumbo 09 

Gumbo 15 

Shale  and  packed  sand 25 

Shale 13 

Shale  and  packed  sand 62 

Rock 3 

Shale 20 

Sand  and  pink  shale 20 

Oil  sand,  top  of  which  is  441  feet 

below  top  of  Blossom  sand 10 

ACCUMULATION  OF  OHi  AND  OA8. 

CONDITIONS  OF  ACCUKXJLATION. 

When  the  occurrenoes  of  oil  and  gas  were  first  investigated,  it  was 
found  that  their  distribution  was  in  many  places  closely  related  to 
the  geologic  structure.  The  anticlinal  theory  of  oil  and  gas  accumu- 
lation resulted  from  the  attempt  to  explain  this  relation.  This  theory 
was  presented  to  explain  the  occurrence  and  relations  of  oil,  gas,  and 
salt  water  as  actually  observed  in  oil  pools,  and  according  to  it  the 
gas,  the  lightest  substance,  is  present  in  the  upper  part  of  the  anti- 
cline; the  next  heavier  substance,  the  oil,  lies  below  the  gas,  and  be- 
neath the  oil  is  salt  water.  According  to  the  theory  these  substances 
were  originally  mixed  together,  and  subsequently  separated  and 
arranged  themselves  in  the  order  of  their  specific  gravities. 

Nothing  was  said  as  to  the  condition  of  the  water,  whether  it  was 
under  hydrostatic  conditions  (stationary)  or  imder  hydraulic  (mov- 
ing). The  important  points  in  the  anticlinal  theory  were  that  the 
gas,  oil,  and  salt  water  were  originally  mixed  together  in  a  porous 
formation,  and  that  their  separation  and  arrangement  in  their  pres- 
ent positions,  with  existing  relations,  was  due  to  their  relative  weights. 
This  relation  is  the  one  which  exists  where  the  conditions  are  ideal — 
that  is,  where  all  the  factors  governing  accumulation  are  equally 
balanced. 

More  recently  detailed  studies  of  oil  and  gas  fields  have  disclosed 
the  fact  that  the  ideal  conditions  described  above  are  not  invariably 
present,  and  experimental  investigations  ^  have  thrown  doubt  on  the 
power  of  gravity  alone  to  cause  the  separation  of  the  substances  in 
such  porous  sands  as  are  found  in  oil  fields.  It  may  be  impossible  to 
arrive  at  a  safe  conclusion,  based  on  a  few  months'  laboratory  obser- 
vations, concerning  the  action  which  might  take  place  in  deeply 

1  Mnnn,  M.  J.,  Reconnaissance  of  the  Grandfleld  district,  Okla. :  U.  S.  Cteol.  Survey  BtiU. 
647,  pp.  78p  70,  1914. 
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buried  sands  during  long  geologic  ages.  However,  the  conclusion 
that  the  water  has  been  under  hydraulic  conditions  is  sound  and 
will  hold  for  any  extensive  sheet  of  water  occupying  porous  beds, 
for  otherwise  all  water  found  iii  sands  of  marine  origin  would  be 
salt  No  doubt  the  folding  of  water-bearing  beds  may  cause  circu- 
lation of  the  water,  but  imless  the  folds  are  lifted  above  the  satu- 
rated area  where  water  enters  the  porous  beds  the  effect  of  folding 
will  be  slight.  Probably  the  chief  movement  of  the  water  caused 
by  deformation  will  be  away  from  the  folds  because  of  the  shorten- 
ing of  the  beds  as  a  result  of  the  pressure  that  caused  deformation. 
This  shortening  is  accomplished  by  forcing  the  particles  of  the 
deposits  close  together,  thus  diminishing  the  size  of  the  openings 
between  them,  and  if  the  formations  are  saturated  with  water  some 
of  it  must  be  forced  out  when  the  size  of  the  openings  is  reduced. 

Wherever  there  is  an  opportunity  for  water  to  escape  from  sands 
at  some  distance  below  the  intake  hydraulic  conditions  will  prevail. 
This  permits  the  forward  movement  of  water  from  the  place  where 
it  enters  the  ground  to  the  place  where  it  escapes  from  the  sand. 
The  motion  of  the  water  under  such  conditions  is  caused  by  gravity 
and  capillarity,  and  its  rate  will  be  controlled  by  the  general  slope 
of  the  bed,  its  porosity,  and  the  rate  of  escape  of  water  from  the  bed 
farther  down  the  dip.  Variations  in  the  rate  of  movement  in  differ- 
ent portions  of  the  same  bed  will  be  caused  by  changes  in  the  porosity 
and  local  variations  in  the  altitude  of  the  bed.  Wherever  there  is 
lessened  porosity,  as  where  the  sand  becomes  finer  or  is  replaced  by 
clay,  moving  water  will  be  retarded  and  it  may  also  be  checked 
by  folds.  In  such  situations  as  this  oil  and  gas  are  found,  though 
no  extensive  accumulations  of  oil  or  gas  against  obstructions  on  i 
uniform  dip  away  from  the  outcrop  (see  fig.  2,  p.  28)  have  ever  been 
recorded,  which  suggests  that  gravity  is  in  reality  an  important 
factor  in  accumulation. 

ACCUMULATION  IN  THB  CADDO  FIELD. 

In  the  Caddo  oil  field  the  rocks  appear  to  be  everywhere  saturated, 
so  that  no  extensive  dry  sands  are  encountered,  and  the  oil  and  gas 
pools  occur  in  intimate  relation  to  structure  with  barriers,  such  as 
relatively  dense  impervious  layers  or  lenses  of  fine  sand  or  clay, 
forming  an  important  element  in  the  Woodbine  sand.  The  oil  and 
gas  are  thought  by  the  writer  to  have  reached  their  present  positions 
under  the  influence  of  gravity  and  capillarity,  which  produced 
motion  of  the  oil,  gas,  and  salt  water  and  influenced  their  segrega- 
tion. The  rate  of  movement  was  doubtless  slow,  though  probably  at 
some  periods  it  was  much  more  rapid  than  at  others. 
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NACATOCH   BAND. 

The  conditions  in  the  Nacatooh  sand  approach  the  ideal  in  spite 
of  the  numerous  dense  layers  in  that  formation.  In  consequence 
exploitation  has  shown  definite  relations  between  anticlines  and  the 
distribution  of  oil,  gas,  and  salt  water,  though  the  volume  of  gas  and 
oil  causes  the  oil  to  extend  down  to  the  bottoms  of  some  of  the  shal- 
ilow  synclines.  The  only  exceptions  to  uniformity  of  distribution 
of  these  substances  are  due  to  the  existence  of  minor  anticlines  and 
synclines  superimposed  on  the  major  folds.  Nowhere  in  the  field 
has  the  exploitation  been  carried  completely  around  any  of  the 
major  folds,  but  the  north  and  west  sides  have  been  productive 
wherever  prospected.  Some  territory  that  may  yield  oil  still  remains 
on  the  w^  and  northwest  sides  of  the  folds.  It  is  problematic 
whether  the  east  and  south  sides  of  the  folds  will  supply  oil  from  this 
formation,  except  east  of  the  Monterey  uplift  and  the  Mason  anti- 
cline. The  general  dip  of  the  beds  and  consequently  the  direction 
of  circulation  of  water  is  southeastward  from  the  outcrop  of  the  for- 
mation in  northeastern  Texas  and  southwestern  Arkansas.  This 
would  afford  the  most  favorable  conditions  for  accumulation  of  oil 
on  the  north  and  west  sides  of  the  anticlines  but  not  necessarily  on 
the  opposite  sides.  However,  the  success  of  wells  east  of  the  Mason 
anticline  and  the  Monterey  uplift  should  encourage  drilling  south 
of  .the  Vivian  Anticline,  especially  near  the  western  end.  Somewhat 
less  promising  conditions  may  be  expected  south  of  the  Caddo  Lake 
anticline,  and  the  territory  south  of  the  western  end  of  this  fold  may 
afford  better  opportunities  than  that  farther  east.  The  least  promis- 
ing territory  for  oil  in  the  Nacatoch  sand  is  south  of  the  east  end  of 
the  Caddo  Lake  uplift. 

The  exploitation  of  the  gas  in  the  Nacatoch  sand  has  been  distrib- 
uted generally  over  the  uplift,  though  probably  more  intensive  de- 
velopment operations  will  yield  returns  within  the  oil-producing  ter- 
ritory on  minor  anticlines  where  the  sand  is  relatively  high.  The 
Mason  anticline  is  highest  in  the  NW.  J  sec.  4  and  the  SE.  J  SW.  i 
sec.  33,  where  the  surface  of  the  sand  is  reported  to  be  less  than  730 
feet  below  sea  level.  The  apex  of  this  fold  appears  to  be  more  favor- 
able for  the  accumulation  of  gas  than  elsewhere  on  the  west  side  of 
Jeems  Bayou,  and  if  the  information  concerning  the  sand  in  that 
locality  is  correct  it  would  warrant  drilling  for  gas  in  the  Nacatoch. 

ANNONA  CHALK. 

The  source  of  the  oil  in  the  Annona  chalk  is  problematic,  but  the 
most  credible  explanation  of  its  presence  is  that  it  has  risen  from 
below  along  fissures  and  either  accumulated  in  porous  beds  or  in 
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crevices  in  the  chalk.  The  large  wells  as  a  rule  contain  considerable 
gas  and  flow  vigorously  for  a  few  weeks,  but  the  yield  soon  declines. 
Opposed  to  this  theoretic  explanation  of  the  source  of  the  oil  is  the 
fact  that  its  specific  gravity  is  lower  than  that  of  the  oil  found  in  the 
underlying  formations.  However,  this  condition  may  possibly  be 
explained  by  the  relief  in  pressure  as  the  oil  passes  upward  to  the 
chalk,  which  permits  the  separation  of  the  lighter  constituents  to  form 
gas.  The  general  parallelism  of  structure  lines  with  the  distribution 
of  the  chalk  wells  near  Caddo  suggests  that  in  that  place  there 
may  be  fissures  which  afford  opportunities  for  the  oil  to  migrate  from 
the  older  beds  into  the  Annona  chalk.  The  erratic  occurrence  of  oil 
in  the  Annona  chalk,  together  with  the  short  life  of  the  wells,  has  dis* 
couraged  attempts  at  exploitation,  for  the  few  successful  wells  do  not 
counterbalance  the  large  number  of  failures. 

BLOSSOM  SAKD   MEMBER  OF  EAGLE  FORD   CLAT. 

The  conditions  governing  the  accumulation  of  oil  and  gas  in  the 
Blossom  sand  are  more  complicated  than  in  the  Nacatoch  sand, 
because  the  Blossom  contains  more  extensive  shale  beds  and  is  less 
uniform  in  texture  than  the  Nacatoch.  The  shale  beds  and  dense 
layers  in  the  Blossom  sand  would  interfere  with  the  free  movement 
of  gas  and  fluids,  and  their  distribution  may  therefore  be  somewhat 
irregular.  However,  the  meager  information  availably  indicates  that 
the  high  anticlines  would  be  favorable  places  to  drill  for  gas  in  this 
sand.  Oil  should  be  sought  near  the  margin  of  areas  where  gas  is 
reported  and  where  showings  of  oil  were  encountered  in  drilling 
wells  to  the  Woodbine  sand. 

WOODBINE  SAND. 

The  porosity  of  the  Woodbine  sand  is  so  variable  that  the  distri- 
bution of  oil  and  gas  in  the  formation  is  very  irregular.  This  is 
shown  by  the  partial  logs  of  wells  previously  given  (pp.  49-^51)  and 
by  the  relations  of  small  and  large  wells,  for  in  many  places  where 
wells  are  only  a  few  hundred  feet  apart  one  may  have  a  natural  flow 
of  several  thousand  barrels,  whereas  those  surrounding  it  and  only 
a  few  hundred  feet  away  may  yield  only  a  few  barrels  when  pumped. 
There  are  also  marked  differences  in  depths  to  pay  sands  and  in  the 
depth  of  salt  water  sands  in  wells  located  close  together.  Doubtless 
the  connection  between  the  lenticular  sands  is  interrupted  in  many 
places  by  increase  in  density,  but  in  other  places  the  beds  are  so  dis- 
continuous that  oil  sands  are  separated  by  relatively  impervious 
shales.  Under  such  conditions  the  accumulation  of  oil  and  gas, 
though  in  a  general  way  controlled  by  structure,  is  influenced  by  the 
bstructions  to  free  movements  of  the  gas  or  liquid  through  the  sand, 
is,  for  example,  probable  that  the  wells  in  sec.  4,  T.  21  N.,  B.  16  W., 
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owe  their  success  to  some  obstruction  to  free  movement  in  a  general 
southeasterly  direction.  The  obstructions  in  that  part  of  the  field 
may  be  f ormeoTeiiher  by  a  change  in  the  porosity  of  the  sand  or  a 
local  diminution  in  its  rate  of  dip  of  such  magnitude  that  the 
circulation  of  liquid  through  the  sand  is  retarded.  Doubtless  the 
distribution  of  oilier  small  pools  is  controlled  in  part  by  obstructions 
and  in  part  by  the  existence  of  minor  changes  in  the  dip  of  the  petro- 
liferous sands. 

Under  the  conditions  that  exist  in  the  Woodbine  sand  the  gas  does 
not  all  gather  at  the  top  of  the  anticline,  as  in  the  Nacatoch  sand,  but 
occurs  in  different  places,  though  it  is  present  in  large  volume  only 
where  the  structure  is  especially  favorable,  as  on  the  higher  anti- 
clines. Both  gas  and  oil  are  found  in  the  local  pools  on  the  slopes  of 
the  major  anticlines  where  movement  up  the  slope  of  the  uplift  is 
checked  by  obstructions  such  as  relatively  impervious  beds  or  minor 
flexures  or  both. 

Under  the  conditions  outlined  above  exploitation  is  necessarily 
hazardous,  and  structural  studies  can  furnish  only  the  general  out- 
lines of  the  oil  pools.  Drilling  within  a  pool  is  uncertain,  because  the 
local  variations  in  porosity  and  dip  can  only  be  determined  by  that 
method,  and  where  such  changes  are  abrupt  the  success  of  one 
well  gives  very  little  clue  to  the  best  location  for  the  next  In 
considering  wildcat  territory  the  structure  is,  however,  of  primary 
importance,  because  only  on  the  crests  or  borders  of  uplifts  has  any 
considerable  volume  of  oil  and  gas  been  f  oimd,  and  only  in  these  local- 
ities is  it  to  be  expected.  The  productive  part  of  the  uplift  will  differ 
in  different  localities  with  the  height  of  the  structural  features,  the 
character  of  the  formation,  and  the  amounts  of  oil  and  gas.  In  many 
places  the  structure  can  be  determined  by  geologic  studies,  but  the 
other  conditions  can  only  be  learned  by  drilling.  As  a  preliminary 
step  the  structural  studies  of  the  geologist  would  probably  increase  the 
chances  of  successful  selection  of  territory  more  than  75  per  cent,  and 
such  investigations,  when  made  with  careful  attention  to  details  of 
structure,  should  increase  the  chances  of  success  over  30  per  cent  in 
locating  wildcat  wells.  However,  it  should  be  borne  in  mind  that  to 
approach  these  percentages  of  efSciency  familiarity  with  the  local 
stratigraphy,  with  the  occurrence  of  oil  in  the  region,  and  with  their 
relation  to  each  other  is  essential. 

SOUBCE  OF  OHi  AND  GAS. 

THEOBIES  OF  OBIGIK. 

The  complete  discussion  of  theories  of  origin  of  oil  and  gas  would 
require  much  greater  space  than  can  be  given  the  subject  in  this 
report,  but  it  is  desirable  to  present  the  general  principles  of  the 
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subject.  Two  theories  have  been  offered  in  explanation  of  the  pres- 
ence of  petroleum  within  the  earth:  (1)  That  it  is  of  inorganic 
origin ;  (2)  that  it  is  of  organic  origin.  In  support  of  the  theory  of 
inorganic  origin,  chemists  cite  the  fact  that  oil  can  be  produced  in 
the  laboratory  by  the  combination  of  certain  inorganic  substances. 
The  possibility  that  favorable  conditions  for  similar  chemical  action 
exist  deep  within  the  earth  furnishes  a  theme  for  speculation;  but 
even  if  such  chemical  action  is  conceded  a  further  difficulty  is  encoun- 
tered, for  in  most  oil  fields  free  movement  of  either  oil  or  gss  from 
prof  oimd  depths  into  the  pay  sands  is  prevented  by  relatively  imper- 
vious beds  of  shale. 

In  the  organic  theory  of  origin  processes  of  slow  chemical  change 
are  considered  to  have  converted  organic  matter  either  into  oil  or  gas, 
or  both.  This  theory  is  capable  of  considerable  elaboration  and  has 
aroused  much  controversy  as  to  whether  the  oil  is  of  animal  or  vege- 
table origin.  It  may  be  noted  here  that  the  organic  theory  has  this 
advantage — ^that  the  source  of  the  oil  is  considered  to  be  in  the  sand, 
or  more  probably  in  the  formations  intimately  associated  with  the 
sand.  This  obviates  the  necessity  of  extensive  migration  of  the  oil 
and  gas  through  great  thicknesses  of  rock  under  conditions  that  in 
most  places  may  be  classed  as  unfavorable,  if  not  prohibitive. 

CADDO  Dili  FIELD. 

The  serious  objection  commonly  raised  against  the  theory  of 
inorganic  origin,  that  it  is  difficult  to  account  for  the  oil  having  risen 
from  great  depths,  is  not  insurmoimtable  in  the  Caddo  field.  If  the 
Red  Biver  fault,  as  described  by  Veatch,  has  had  a  movement  of 
more  than  600  feet,  the  break  in  the  strata  must  extend  to  a  consid- 
erable depth,  and  upward  migration  of  oil  along  the  fault  plane 
would  be  possible.  Migration  of  this  oil  from  the  fault  plane  later- 
ally into  the  porous  sands  might  occur,  provided  such  a  movement 
along  the  fault  plane  were  once  established.  However,  even  if  such 
a  migration  were  proved  it  would  not  follow  that  the  oil  is  of  inor- 
ganic origin,  for  it  might  come  from  imderlying  sedimentary  rocks. 

In  the  Caddo  oil  field  beds  of  carbonaceous  shales  are  associated 
with  the  oil  sands,  and  the  organic  matter  in  these  shales  and  in  the 
sands  is  a  possible  source  of  the  oil  and  gas,  and  according  to  this 
theory  the  oil  may  have  passed  from  the  shales  more  or  less  directly 
into  the  sands  under  the  influence  of  capillarity,  gravity,  or  hydraulic 
pressure. 

In  the  Nacatoch  sand  some  organic  matter  existed,  and  a  large 
amoimt  was  disseminated  through  the  overlying  Arkadelphia  clay. 
Probably  this  clay  was  the  principal  source  of  oil,  though  some  might 
come  from  beds  in  the  underlying  Marlbrook  marl.    The  Blossom 
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sand  member  of  the  Eagle  Ford  clay  may  have  been  supplied  from 
layers  of  clay  interbedded  with  the  sand  and  from  the  imderlying 
bcKls  of  the  Eagle  Ford  clay,  which  carry  a  large  quantity  of  organic 
matter.  The  overlying  Brownstown  marl  was  probably  relatively 
unimportant.  The  Woodbine  sand  is  shaly  and  very  carbonaceous 
and  may  have  supplied  a  large  part  of  the  oil  found  in  the  sands, 
though  the  Eagle  Ford  clay,  and  even  the  underlying  Lower  Cre- 
taoeous,  are  possible  sources  of  oil  and  ga& 

RELATIONS  OF  THE  OIL  AND  OAS. 

In  another  part  of  this  bulletin  the  relative  positions  of  the  oil 
and  gas  in  the  producing  sands  are  discussed  (pp.  52-55),  and  it  is 
proposed  here  to  describe  briefly  the  detailed  relations  and  indicate 
some  of  the  unexplained  phenomena. 

On  the  outskirts  of  the  field,  both  north  and  west  of  the  producing 
area,  wells  encounter  small  quantities  of  oil  in  the  Woodbine  sand. 
The  depths  to  the  sand  are  somewhat  greater  than  in  localities  where 
successful  wells  are  obtained,  and  there  is  a  notable  difference  in 
the  character  of  the  oil.  The  color  of  the  oil  in  these  wells  is  com- 
monly light  green  and  the  gravity  is  higher  than  that  of  the  oil 
obtained  from  successful  wells ;  there  is  also  an  absence  of  gas  where 
this  high-gravity  oil  is  encoimtered. 

Some  differences  have  been  observed  in  the  quality  of  the  gas 
from  the  two  important  producing  horizons,  the  Nacatoch  sand  and 
the  Woodbine  sand.  The  odor  and  burning  properties  of  the  gases 
from  these  sands  are  unlike,  the  gas  from  the  Nacatoch  sand  being 
practically  odorless  and  the  gas  from  the  Woodbine  sand  having 
an  odor  of  petroteum.  The  gas  from  the  Woodbine  sand,  because  of 
its  higher  content  of  hydrocarbons  from  petroleum,  bums  with  a 
more  pronounced  yellow  flame  than  that  from  the  Nacatoch  sand. 

Practical  tests  recently  made  by  C.  C.  Averill,  field  manager  of  the 
Standard  Oil  Co.,  have  shown  that  gasoline  can  be  extracted  from 
the  gas  from  the  Woodbine  sand.  Gasoline  was  produced  by  sub- 
jecting this  gas  to  a  pressure  of  500  pounds  to  the  square  inch  and 
passing  it  through  a  coil  cooled  by  water.  The  pressure  used  in  this 
experiment  is  much  lower  than  the  rock  pressure  of  the  Woodbine 
sand,  and  not  much  greater  than  the  initial  rock  pressure  of  450 
pounds  of  the  early  gas  wells  of  the  Nacatoch  sand.  It  may  be 
inferred  that  a  lower  temperature  in  the  Woodbine  sand  would 
permit  the  condensation  of  the  gasoline  from  the  gas. 

The  gas  from  the  Nacatoch  sand  did  not  furnish  gasoline  when  it 
was  subjected  to  a  pressure  of  500  pounds  to  the  square  inch  and 
cooled  in  the  same  manner  as  that  from  the  Woodbine  sand.  The  oil 
from  the  Nacatoch  sand  is  of  low  gravity  and  contains  a  i-elatively 
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small  percentage  of  the  higher  hydrocarbons.  This  fact,  together 
with  the  absence  of  gasoline  in  the  gas  from  the  Nacatoch  sand, 
suggests  that  there  may  have  been  initial  differences  in  the  quanti- 
ties of  some  of  the  hydrocarbons  in  the  Nacatoch  and  Woodbine 
sands. 

The  oil  found  in  the  Annona  chalk  and  Nacatoch  sands  is  of  low 
gravity  and  is  associated  with  large  volumes  of  gas.  Somewhat 
similar  conditions  may  be  inferred  for  the  Blossom  sand  member  of 
the  Eagle  Ford  clay,  where  the  oil  showings  are  reported  to  be  of 
low  gravity,  though  the  volume  of  gas  in  this  sand  has  not  been 
determined  in  many  wells.  Because  of  the  small  production,  it  has 
been  impossible  to  compare  the  gas  from  the  Annona  chalk  and  the 
Blossom  sand  member  of  the  Eagle  Ford  clay  with  the  gas  from  the 
other  sands. 

POSSIBLE  EXTENSIONS  OF  THE  CABDO  OIL  FIELD. 

The  history  of  development  in  the  Caddo  oil  field,  characterized 
by  many  rapid  fluctuations  in  the  amoimt  of  production,  has  demon- 
strated that  in  many  places  valuable  territory  has  existed  where 
operators  have  thought  the  conditions  unfavorable.  No  one  familiar 
with  the  field  can  doubt  that  there  is  still  much  unexploited  territory 
within  the  boundaries  of  the  field,  though  the  cost  of  drilling  com- 
bined with  the  imcertain  results,  even  in  proved  territory,  should  be 
taken  into  consideration  before  investing  blindly  in  oil  properties. 

As  noted  by  Harris,^  there  appears  to  be  a  broad  syncline  between 
the  northern  edge  of  the  Caddo  oil  field  and  Texarkana  (fig.  4,  p.  34). 
This  syncline  carries  the  oil-bearing  formations  to  a  much  greater 
depth  than  that  in  the  oil  field,  and  though  minor  flexures  may  be 
expected  in  the  syncline  it  is  somewhat  doubtful  whether  they  would 
supply  enough  oil  to  warrant  drilling,  even  where  showings  might 
be  obtained. 

Veatch^  has  mentioned  a  large  fault  that  extends  in  a  general 
direction  south  of  east  into  northwestern  Louisiana  and  cuts  across 
this  syncline.  This  fault,  as  shown  on  Veatch's  map,  would  follow 
approximately  the  course  of  Sulphur  River.  During  the  field  work 
for  this  report  it  was  not  possible  to  make  an  examination  of  the 
region  where  the  fault  is  shown  on  Veatch's  map,  and  it  should  be 
noted  that  Harris's  diagram  (fig.  4)  indicates  no  fault  in  that  region. 
On  the  whole  it  appears  desirable  to  examine  further  that  part  of 
the  syncline  to  determine  the  structural  features  and  what  value 

^  Harris.  O.  D.,  Oil  and  gas  In  Louisiana,  with  a  brief  summary  of  their  occurrence  in 
adjacent  States :  U.  S.  Oeol.  Survey  Bull.  420,  p.  125,  1910. 

'  Veatch,  A.  C,  Geology  and  underground  water  resourreii  of  northern  Louisiana  and 
southern  Arkansaa :  U.  &  GeoL  Survey  Prof.  Paper  40,  p.  68,  1906. 
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they  may  have  in  connection  with  the  occurrence  of  oil  and  gas  in 
sufficient  quantities  to  warrant  drilling. 

Since  the  preparation  of  Harris's  report  drilling  has  ceased  in  the 
syncline,  as  the  results  obtained  do  not  seem  to  warrant  further  ex- 
penditure of  money.  On  the  west  side  of  the  Caddo  field  much  less 
information  is  afforded  by  well  logs  than  on  the  north  side.  It 
should  be  possible  to  extend  the  western  margin  of  the  field  a  short 
distance  into  Texas  at  places  where  the  .sands  are  high,  and  the 
trend  of  development  has  already  carried  the  edge  of  the  field,  a 
short  distance  beyond  its  location  when  the  field  work  for  this  report 
was  in  progress.  The  most  promising  territory  for  development  lies 
at  the  western  ends  of  the  major  anticlines,  such  as  those  north  of  the 
Burr  pool,  a  short  distance  south  of  this  pool,  and  near  the  Atlas 
Oil  Co.'s  wells,  and  farther  south  in  Caddo  Lake  and  along  its 
shores  near  the  Texas-Louisiana  boundary. 

The  pitch  of  the  Caddo  Lake  anticline  and  of  the  minor  anticlines 
that  parallel  it  on  the  north  and  south  has  not  been  determined  with 
sufficient  accuracy  to  warrant  a  prediction  as  to  just  how  far  devel- 
opment may  be  successful.  For  this  reason  conservative  progress 
can  best  be  made  by  gradual  extension  toward  the  west,  as  in  the 
recently  located  wells  in  and  near  Caddo  Lake  in  Texas  and  the 
well  of  the  Atlas  Oil  Co.  just  north  of  Caddo  Lake  in  Louisiana. 
By  this  method  it  should  be  possible  to  determine  the  limits  of  the 
producing  territory  with  a  minimum  expenditure  of  funds  for  dry 
holes.  Since  the  Caddo  Lake  anticline  is  the  highest  in  the  field  it 
may  be  expected  to  extend  farther  west  from  its  apex  than  any  of  the 
other  folds,  but  this  does  not  necessarily  mean  that  successful  wells 
can  be  obtained  beyond  the  Texas  boundary,  because  the  apex  of  this 
fold  lies  somewhat  farther  east  than  the  apexes  of  other  folds  north 
of  the  lake. 

Though  the  dip  of  the  formations  on  this  side  of  the  field  is  toward 
the  west,  they  rise  again  a  short  distance  farther  west  and  reach  the 
surface  in  northern  Texas.  Little  is  known  about  the  detailed  struc- 
ture of  the  region  between  the  outcrop  and  the  west  edge  of  the 
Caddo  field,  however,  and  this  is  an  area  that  is  worthy  of  further 
study  to  determine  whether  there  are  other  folds  similar  to  those 
found  in  northwest  Louisiana. 

Harris  ^  states  that  on  the  south  side  of  the  Caddo  oil  field  there  is  a 
shallow  syncline  (fig.  4,  p.  34)  that  occupies  the  territory  between 
Mooringsport  and  Shreveport.  The  information  then  available 
would  naturally  lead  a  geologist  to  this  conclusion;  however,  it  is 
doubtful  if  this  syncline  continues  throughout  the  distance  between 

1  Harris,  G.  D.,  Oil  and  gas  in  Louisiana,  with  a  brief  sommary  of  tbeli*  occurrence  in 
adjacent  States :  U.  8.  Oeol.  Sarvey  Bull.  429.  p.  127,  1810. 


60  CADDO   OIL  AND  GAS  FIELD. 

these  two  points.  More  probably  there  are  other  anticlines  parallel 
to  those  at  Shreveport  and  Mooringsport,  though  no  great  amount 
of  success  has  been  achieved  by  drilling  in  this  region  up  to  the 
present  time.  It  is  hoped  that  in  the  near  future  it  will  be  possible 
to  make  a  thorough  investigation  of  the  structure  in  this  area  to  war- 
rant drawing  definite  conclusion& 

On  the  east  side  of  the  Caddo  oil  field  drilling  has  been  successful 
in  the  shallow  (Nacatoch)  sand  at  the  east  end  of  the  Vivian  anti- 
cline. There  is  still  considerable  territory  on  the  east  and  south  sides 
of  this  anticline  that  might  warrant  drilling  for  heavy  oil.  Farther 
south  the  most  promising  territory  so  far  discovered  is  in  the  vicinity 
of  Dixie,  where  some  wells  have  encountered  a  fair  amount  of  oil  in 
the  Woodbine  sand.  There  is  doubtless  much  territory  between  these 
wells  and  the  pools  at  Caddo  Lake  that  will  prove  valuable  for  oil. 

East  of  Red  River,  in  Bossier  Parish,  a  number  of  wells  have  been 
drilled,  and  although  small  quantities  of  oil  have  been  encountered 
and  good  thicknesses  of  oil  sand  are  reported,  none  of  the  wells  have 
been  successful.  From  the  meager  information  at  hand  concerning 
this  area  the  most  promising  territory  should  be  near  the  river  and 
slightly  north  of  east  from  the  high  structures  of  the  field  in  Caddo 
Parish.  The  success  of  wells  near  the  river  will  depend  on  whether 
the  sands  of  the  Caddo  field  continue  high  and  are  petroliferous. 
The  absence  of  good  exposures  of  the  older  geologic  formations 
makes  it  impossible  to  determine  the  structure  in  the  river  valley, 
and  the  presence  or  absence  of  oil  in  the  sands  can  only  be  ascertained 
by  drilling. 

Possibly  some  deep  wells  might  be  moderately  successful  near 
the  eastern  edge  of  the  Sabine  uplift,  which  is  near  the  boundary 
between  the  Wilcox  formation  and  the  more  ferruginous  beds  of 
the  Claiborne  formation.  The  approximate  position  of  this  boundary 
is  shown  on  Plate  XII  of  Bulletin  429.  If  oil  is  discovered  near  the 
contact  of  the  Midway  and  Claiborne  formations  the  pools  will 
probably  be  small  and  the  sands  will  be  deeper  than  in  the  Caddo 
field. 
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Part  L  METALS  AND  NONMETALS  EXCEPT  FUELS. 


F.  L.  Bansome  and  Hott  S.  Gale,  Geologists  in  charge. 


INTRODUCTION. 

This  volume  is  the  thirteenth  of  a  series  that  includes  Bulletins  213, 
226,  260,  285,  315,  340,  380,  430,  470,  530,  540,  and  580,  ''Contribu- 
tions to  economic  geology''  for  1902,  1903,  1904,  1905,  1906  (Pt.  I), 
1907  (Pt.  I),  1908  (Pt.  I),  1909  (Pt.l),  1910  (Pt.I),  1911  (Pt.  I),  1912 
(Pt.  I),  and  1913  (Pt.  I),  respectively.  These  bulletins  are  prepared 
primarily  to  insure  prompt  publication  of  the  economic  results  of 
investigations  made  by  the  United  States  Geological  Survey.  Begin- 
ning with  the  present  volume  the  year  included  in  the  title  will  be  the 
year  of  publication^  instead  of  the  year  in  which  the  field  work  reported 
was  done.  This  volume  is  therefore  dated  1915,  and  there  will  be 
no  volume  entitled  ''(Contributions  to  economic  geology,  1914." 

As  the  subtitle  indicates,  the  papers  included  are  of  two  classes — (1) 
short  papers  giving  comparatively  detailed  descriptions  of  occurrences 
that  have  economic  interest  but  are  not  of  sufficient  importance  to 
warrant  a  more  extended  description;  (2)  preliminary  reports  on 
economic  investigations  the  results  of  which  are  to  be  published  later 
in  more  detailed  form.  These  papers  are  such  only  as  have  a  direct 
economic  bearing,  all  topics  of  purely  scientific  interest  being  ex- 
cluded. Each  paper  has  been  issued  as  an  advance  chapter  as  soon 
as  it  was  ready. 

Brief  abstracts  of  the  publications  of  the  year  are  given  in  the 
annual  report  of  the  Director.  The  complete  list  of  Survey  publica- 
tions affords,  by  means  of  finding  lists  of  subjects  and  of  authors, 
further  aid  in  ascertaining  the  extent  of  the  Survey's  work  in  eco- 
nomic geology. 

Since  1905  the  annual  economic  bulletin  has  been  printed  in  two 
parts,  the  second  part  comprising  papers  on  mineral  fuels.    These 

I  OwiDg  to  tmezpected  delays  in  printing  some  of  the  maps  it  has  been  impossible  to  publish  all  the 
chapters  of  this  bulletin  in  1016. 
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volumes  for  1906,  1907,  1908,  1909,  1910,  1911,  1912,  and  1913  are 
Bulletins  316,  341,  381,  431,  471,  531,  541,  and  581.  BuUetin  621 
forms  Part  II  of  the  "Contributions"  for  1915. 

The  reports  on  work  in  Alaska  have  been  printed  in  a  separate 
series  since  1904,  the  volumes  so  far  issued  being  Bulletins  259,  284, 
314,  345,  379,  442,  480,  520,  542,  592,  and  622. 


A  GOLD-PLATINUM-PALLADIUM  LODE  IN  SOUTHERN 

NEVADA. 


By  Adolph  Knopf. 


INTRODUCTION. 

The  discoveiy  of  platinum-bearing  gold  ore  at  the  Boss  mine,  in 
southern  Nevada,  was  brought  to  the  attention  of  the  Geological 
Survey  by  Mr.  F.  A.  Hale,  jr.,  in  September,  1914.  Some  samples 
of  the  ore  were  submitted  at  the  same  time.  These  were  assayed 
and  found  to  be  extraordinarily  rich  in  gold,  platinum,  and  palladium. 
A  brief  announcement  of  the  discovery,  based  on  the  returns  of  these 
assays  and  on  information  courteously  supplied  by  Mr.  Hale,  appeared 
on  October  3,  1914,  in  an  advance  chapter  of  Mineral  Resources^ 
for  1913.  Early  in  October  an  examination  of  the  deposit  was  made 
by  the  writer,  the  results  of  which  are  here  given. 

LOCATION. 

The  Boss  mine  is  situated  in  the  Yellow  Pine  mining  district,  Clark 
County,  Nev.,  near  the  extreme  southern  part  of  the  State.  The 
main  settlement  of  the  district  is  Good  Springs,  distant  8  miles  from 
Jean,  a  station  on  the  San  Pedro,  I^os  Angeles  &  Salt  liake  Railroad. 
Good  Springs  lies  on  the  east  side  of  a  desert  range  known  as  Spring 
Mountain,  but  the  mine  is  situated  on  the  west  slope,  12  miles  from 
Good  Springs,  by  a  road  which  crosses  the  range  through  a  low  pass. 
A  few  miles  from  the  mine  is  the  abandoned  settlement  known  as 
Sandy  (Ripley  post  office),  at  which  was  situated  the  cyanide  plant  of 
the  Keystone  mine.  From  a  well  at  this  place  water  of  good  quality 
is  obtained  for  domestic  use  at  the  Boss  mine  and  neighboring  pros- 
pects.    An  ample  supply  is  said  to  be  available  for  milling  purposes. 

HISTORY. 

The  deposit  on  the  Boss  claim  was  discovered  some  30  years  ago, 
having  been  located  for  copper,  the  presence  of  which  is  plainly 
indicated  by  chrysocolla  and  other  oxidized  copper  minerals.     In 

1  Day,  B.  T. ,  The  production  of  platinum  and  allied  metals  in  1913:  U.  8.  Oeol.  Survey  Mineral  Resources, 
1913,  pt.  1 ,  pp.  448-450, 1914.  A  more  detailed  account  was  published  by  Mr.  Hale  ( Platinum  ore  in  southern 
Nevada:  Eng.  and  Min.  Jour.,  vol.  98,  pp.  641-«42, 1914). 
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the  nineties  the  property  was  bonded  and  a  leaching  plant  was 
built  at  Good  Springs  to  treat  the  oxidized  copper  ores,  but,  the 
process  proving  a  failure,  the  property  reverted  to  its  original  owners. 
Not  until  recently  has  the  gold  and  platiQum  content  of  the  ore  been 
recognized.  The  owners,  Messrs.  Yount  &  White,  discovered  the 
high  gold  content  by  sampling  and  assaying,  and  the  Boss  Gold 
Mining  Co.  was  organized  in  March,  1914. 

The  f ailiu'e  to  recognize  previously  the  auriferous  character  of  the 
ore  needs  explanation.  It  seems  to  have  been  due  in  part  to  the 
fact  that,  although  the  ore  can  be  shown  by  assays  or  chemical  means 
to  carry  considerable  gold,  the  presence  of  the  gold,  as  the  writer 
has  verified  personally,  is  not  evident  on  panning.  Moreover,  some 
extraordinarily  rich  material  (the  plumbojarosite,  described  on  p.  8, 
assaying  as  high  as  $6,000  to  the  ton  in  gold)  yields  when  panned  a 
black  residue  which  might  easily  be  thrown  away  as  worthless  black 
sand.  This  unpromising-looking  black  residue  when  strongly  scoured 
by  rubbing  it  in  the  pan  with  a  piece  of  iron  rolls  out  into  yellow 
flakes  and  quills,  and  its  identity  as  gold  becomes  manifest.  The 
discovery  of  the  platinum  content  of  the  ore  is  due  to  the  acumen 
of  Mr.  H.  K.  Riddall,  chemist  for  the  Yellow  Pine  Mining  Co.  In 
running  assays  of  the  Boss  ore  he  noticed  that  the  gold  buttons, 
instead  of  being  smooth,  had  rough,  cauliflower-Uke  surfaces.  He 
suspected  that  the  buttons  might  contain  platinum,  and  this  suspi- 
cion was  strengthened  by  the  fact  that  solutions  obtained  on  parting, 
instead  of  being  colorless  as  is  the  rule  when  the  gold  is  alloyed  with 
silver  only,  showed  yellow  and  brown  tints,  indicating  the  presence 
of  platiniun  and  palladium.  By  systematic  tests  these  metals  were 
then  proved  to  be  present.  This  result  was  soon  verified  by  a  number 
of  other  assayers,  although  one  supposedly  rehable  assaying  firm  in 
Los  Angeles  reported  that  the  ore  contained  no  platinum.  Two  sam- 
ples sent  to  the  Geological  Survey  by  Mr.  Hale  were  submitted  for 
assay  to  Ledoux  &  Co.,  of  New  York,  who  reported  on  September  9, 
1914,  as  follows: 

Assays  of  ore  from  Boss  mine. 


1 

2 

Plfltinnm 

Ounces, 

7.38 

11.55 

Ouneet. 
99.06 

Gold 

111.00 

"PftUfwHum , 

l&OO 

Note.— Concentration  by  panning  shows  that  the  metals  are  in  the  free  state,  being  anparently  alloys  of 
gold  and  platinum  metaJs.  Owing  to  uneven  distribution,  assaying  is  very  difficult  ana  the  above  results 
can  only  oe  considered  as  approximately  correct.  Assay  for  palladium  was  omitted  on  No.  1,  but  the 
sample  contaJna  1  or  2  ounces  of  this  metal.    A  little  iridium  is  present  in  No.  2. 

Prior  to  the  discovery  of  the  platiniferous  character  of  the  ore 
some  small  shipments  of  high-grade  copper  ore  and  of  high-grade 
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gold  ore  had  been  sent  to  the  smelter  at  Salt  Lake  City,  but  after  the 
platinum  content  was  recognized  production  was  suspended,  pending 
arrangement  for  the  advantageous  disposal  of  the  platinum  and 
allied  metals. 

In  October  negotiations  were  under  way  for  the  treatment  of 
certain  lots  of  high-grade  ore  by  the  Pacific  Platinum  Works,  of  Los 
Angeles,  whereby  this  firm  agreed  to  pay  $46  an  ounce  for  the  com- 
bined platiniun  and  palladium  content,  after  deducting  a  treatment 
charge  of  $300  a  ton. 

Late  in  the  year  the  mine  was  sold  by  the  Boss  Gold  Mining  Co. 
to  W.  C.  Price  and  associates  for  $150,000,  according  to  O.  J.  Fisk, 
former  manager  of  the  company. 

The  great  interest  that  attaches  to  so  unusual  and  remarkable  an 
occurrence  of  platinum  and  palladium  in  a  gold-bearing  lode  hardly 
needs  comment.  As  is  shown  on  pages  13-17,  in  the  review  of  the 
known  distribution  of  platinum  in  veins,  the  Boss  vein  is  one  of  the 
few  primary  deposits  in  which  metals  of  the  platinum  group  occur 
in  more  than  traces  and,  with  one  possible  exception  (the  New 
Rambler  mine  in  Wyoming),  is  the  only  primary  deposit  of  economic 
importance  in  which  these  metals  are  the  constituents  of  predominant 
value. 

oeneraIj  geology  of  the  district.^ 
sbdimentaby  akd  igneous  bocks. 

The  prevailing  rocks  of  the  district  are  stratified  dolomites  of  mid- 
dle Carboniferous  age.  (See  PL  I.)  They  are  considerably  though 
not  acutely  folded  and  are  broken  by  faults.  This  formation  is  eco- 
nomically the  most  important  assemblage  of  rocks  in  the  district, 
as  all  of  the  ore  deposits  occur  in  it  or  in  the  dikes  cutting  it. 

Limestones  of  Pennsylvanian  age  and  red  sandstones  and  shales 
of  probable  Mesozoic  age  are  also  present  in  the  district,  but  they 
are  of  no  special  concern  here,  as  they  lie  at  a  considerable  distance 
from  the  area  in  which  the  Boss  mine  is  situated. 

Litrusive  igneous  rocks  are  not  common  in  this  district;  in  fact, 
the  areas  occupied  by  them  are  so  small  as  to  be  barely  perceptible 
on  the  geologic  map.  They  consist  of  sills  and  short  dikes  of  quartz 
monzonite  porphyry  and  granite  porphyry,  as  a  rule  considerably 
altered.  The  age  of  intrusion  has  not  been  established,  but  is 
thought  to  be  at  least  as  recent  as  post-Jurassic. 

Some  horizontal  sheets  of  biotite  andesite  cap  the  summit  of  Table 
Mountain,  southwest  of  Good  Springs.  This  is  the  only  noteworthy 
occurrence  of  extrusive  rocks  in  the  district. 


1 A  more  extended  discussion  o(  the  geology  is  given  by  J.  M.  Hill:  The  Yellow  Pine  mining  district, 
Clark  County,  Nev.:  U.  8.  Oeol.  Survey  Bull.  MO,  pp.  228-240, 1914. 
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HETALLIFEBOnS  FEATUBES. 

The  principal  metalliferous  deposits  of  the  district  are  bodies  of 
lead-zinc  ores  inclosed  in  dolomite  or  limestone.  The  prevailing 
minerals  are  smithsonite  and  cerusite;  galena  occm«  to  some  extent, 
but  zinc  blende,  presumably  the  parent  of  the  oxidized  zinc  ores,  is 
present  in  only  one  mine.  The  genesis  of  the  primary  minerals  of 
these  deposits  is  as  yet  unknown. 

Gold  deposits  were  formerly  of  some  importance  in  this  district, 
the  Keystone  mine,  the  most  productive,  being  credited  with  an  out- 
put of  $1,000,000.  At  this  mine  the  gold  is  disseminated  through 
quartz  monzonite  porphyry,  which  has  been  highly  altered  by  the 
development  of  sericite  and  siderite.  In  general  the  deposits  are 
closely  associated  with  the  porphyry  dikes  and  may  stand  in  genetic 
relation  to  them.  Certainly  the  chemical  alteration  produced  in  the 
porphyry  dikes  indicates  that  the  ore-forming  solutions  were  ascending 
thermal  waters. 

Some  copper  deposits  have  also  been  developed.  They  consist 
predonunantly  of  oxidized  copper  minerals  forming  irregular  replace- 
ment bodies.  Tetrahedrite,  which  has  been  recognized  in  the  gold 
ore  of  the  Lavina  mine,  and  chalcocite  are  the  only  copper-bearing 
sulphides  found  in  the  district. 

Finally,  brief  mention  should  be  made  of  the  so-called  vanadium 
deposits.  On  the  Bill  Nye  claim,  for  example,  a  dolomite  breccia 
cemented  by  a  copper-bearing  lead  vanadate,  probably  cuprodescloi- 
zite,  forms  a  tabular  deposit  18  to  24  inches  thick,  which  has  been 
exposed  by  an  incline  to  a  depth  of  12  feet. 

The  Yellow  Pine  district  is  the  most  productive  zinc  and  lead  dis- 
trict in  Nevada.  In  1913  it  yielded  29,060  tons  of  ore,  containing 
$1,268  in  gold,  192,339  ounces  of  silver,  283,592  pounds  of  copper, 
6,204,065  pounds  of  lead,  and  14,369,709  poimds  of  zinc,  valued  in 
all  at  $1,239,081.^ 

THE  BOSS   MINE. 
GENEBAL  QEOLOaiC  FEATUBES. 

* 

The  country  rock  at  the  Boss  mine  consists  of  dolomite  in  beds 
ranging  from  a  few  inches  to  several  feet  thick.  The  beds  comprise  a 
dark-gray  or  black  variety,  fetid  with  hydrogen  sulphide  on  fresh 
fracture,  and  a  more  prevalent  pale-buff  variety.  They  not  uncom- 
monly carry  crinoid  fragments  and  are  of  late  Mississippian  or  early 
Pennsylvanian  age — that  is,  middle  Car})oniferous. 

The  rocks  strike  east  and  dip  gently  to  the  north.  The  structure 
is  that  of  a  broad  anticUnal  arch,  whoso  crown  has  been  more  or  less 


1  U.  8.  0«ol.  Survey  Mineral  Resources,  1013,  pt.  1,  p.  818, 1914. 
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fractured  and  broken  by  faults.  In  the  immediate  vicinity  of  the 
mine  the  rocks  are  practically  horizontal. 

A  small  mass  of  granite  porphyry  or  dike  of  no  great  linear  per- 
sistence occmB  600  feet  north  of  the  mine.  This  rock  is  character- 
ized by  numerous  large  corroded  phenocrysts  of  quartz  and  kaolinized 
feldspars  embedded  in  a  fine-grained  groundmass.  It  accordingly 
resembles  the  small  masses  of  intrusive  granite  porphyry  and  quartz 
monzonite  porphyry  scattered  throughout  the  district.  The  por- 
phyry is  highly  altered  and  has  been  considerably  prospected  for  gold, 
but  has  proved  of  too  low  grade  to  be  profitable,  carrying  at  best  only 
a  few  dollars  in  gold  to  the  ton. 

The  ore  bodies  so  far  developed  may  be  briefly  characterized  as 
oxidized  copper  shoots  and  gold-platinum-palladium  shoots.  The 
copper  ores  consist  largely  of  chrysocolla  and  coUoidal  complexes  of 
chrysocolla  and  limonite;  these  ores  are  reported  to  carry  only  minor 
amounts  of  the  precious  metals.  The  gold-platinum-palladium 
shoots  consist  of  fine-grained  siliceous  ore  carrying  a  small  quantity 
of  a  bismuth-bearing  variety  of  plumbojarosite  (a  hydrous  sulphate 
of  iron  and  lead).  There  is  no  fixed  ratio  between  the  content  of 
gold  and  the  platinum  metals,  nor  between  the  content  of  platinum 
and  palladium.  This  variability  seems  to  be  a  result  of  the  prevail- 
ing oxidized  condition  of  the  ore.  The  palladium,  according  to 
reliable  figures  furnished  to  the  writer,  is  probably  in  excess  of  the 
platinum. 

The  copper  shoots  and  the  precious-metal  shoots  can  be  mined 
separately,  it  is  said.  The  segregation  of  the  metals  into  separate 
shoots  that  makes  this  feasible  will  assuredly  be  found  less  and  less 
complete  as  depth  is  attained  on  the  deposit. 

The  ore  bodies  of  the  Boss  mine  occupy  a  nearly  vertical  zone  of 
fracturing  in  the  horizontal  strata  of  dolomite.  At  the  surface  this 
zone  is  30  feet  wide,  but  the  precious-metal  shoots  are  confined  to  the 
12  feet  resting  on  the  footwall.  The  length  of  the  mineralized  zone 
exposed  on  the  surface  is  about  100  feet,  but  the  ore  bodies  do  not 
extend  continuously  over  this  distance.  At  the  portal  of  the  upper 
tunnel  the  footwall  strikes  N.  5®  E.  and  the  hanging  wall  strikes  N. 
25*^  E.  The  principal  ore  shoot,  so  far  as  the  present  workings  dis- 
close, forms  an  irregular  pipe  pitching  at  a  low  angle  to  the  northeast. 

The  dolomite  within  the  zone  of  fracturing  has  recrystallized  to  a 
coarse  white  spar,  and  this  dolomite  spar  makes  up  the  rock  inclosing 
the  ore  shoots. 

DEVELOPMENT. 

The  principal  development  consists  of  three  tunnels  driven  along 
the  zone  of  mineralization.  (See  fig.  1.)  They  are  known  as  the 
upper,  middle,   and  lower  tunnels.     The  middle  tunnel  is  about 
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30  feet  below  the  upper, 
and  the  lower  is  about 
the  same  distance  below 
the  middle  tunnel.  The 
richest  ore  is  exposed  in 
the  '*ore  winze,"  which 
was  sunk  from  the  upper 
tunnel  and  is  connected 
with  the  middle  tunnel. 
Estimates  of  the  total 
amount  of  ore  exposed 
in  the  mine  range  from 
1,000  to  2,000  tons,  but 
at  the  time  of  visit  an 
accurate  estimate  was 
not  possible. 

A  development  tunnel 
was  started  some  years 
ago  several  himdred  feet 
below  the  upper  group 
of  tunnels,  but  no  work 
has  been  prosecuted  on 
it  recently. 

MIKEBALOaiC   FEA- 
TURES. 

The  essential  features 
of  the  deposit  are  well 
shown  in  the  irregular 
open  cut  at  the  portal  of 
the  upper  tunnel.  Here 
there  is  a  considerable 
mass  of  somewhat  cu- 
priferous gossan.  Below 
it,  at  about  the  timnel 
level,  is  an  irregular 
pocket  of  light-gray  ma- 
terial, which  crumbles 
to  a  fine  gray  sand;  and 
beneath  this  sandy  ma- 
terial is  a  porous  dark- 
gray  to  blackish  siliceous 
rock.  The  ore  carries 
gold  and  platinum  met- 
als, and  a  winze  was  sunk 


1 


A   GOLD-PLATINUM-PALLADIUM   LODE   IN   NEVADA,  7 

here  to  the  tunnel  below,  but  the  ore  shoot  is  reported  not  to  have 
persisted  to  the  lower  level.  About  6  feet  farther  in  toward  the 
mouth  of  the  tunnel,  lying  under  a  mass  of  earthy  red  hematite,  is 
another  streak  of  gray  sandy  material,  containing  a  middle  band, 
three-fourths  of  an  inch  wide,  of  a  soft  greenish-yellow  powder.  This 
greenish-yellow  mineral,  identified  as  a  new  variety  of  the  rare  spe- 
cies plumbojarosite,  is  extraordinarily  rich  in  gold  and  platinum 
metals;  in  fact,  the  evidence  indicates  that  the  distribution  of  the 
precious  metals,  especially  of  those  of  the  platinum  group,  is  depend- 
ent on  the  presence  of  this  mineral. 

'  A  sample  of  the  gray  sandy  material  essentially  free  from  admixed 
plumbojarosite,  taken  by  the  writer  from  a  point  near  the  winze 
mentioned  above,  was  submitted  to  the  Bureau  of  the  Mint  and 
assayed  by  F.  P.  Dewey,  who  reports  as  follows:  Gold,  0.44  ounce  to 
the  ton;  platinum  metals  remaining  insoluble  on  boiling  the  silver 
lead  in  strong  sulphuric  acid,  0.01  oxmce  to  the  ton.  If  palladium  was 
present  it  was  not  determined. 

The  gray  sandy  material  proves  to  consist  largely  of  perfectly 
formed  crystals  of  quartz,  averaging  0.1  millimeter  in  diameter; 
doubly  terminated  crystals  are  common.  Some  of  this  quartz  sand, 
after  repeated  evaporation  with  hydrofluoric  acid,  left  a  small  residue 
consisting  of  minute  crystals  of  adamantine,  almost  metaUic  luster. 
These  crystals  comprised  octahedrons  and  square  tabular  forms, 
averaging  a  few  hundredths  of  a  millimeter  in  size.  Their  crystal 
habit,  together  with  the  fact  that  they  gave  a  strong  titanium 
reaction  after  fusion  with  potassium  bisulphate,  suggested  that  they 
were  octahedrite  (anatase),  and  their  identity  as  octahedrite  was  con- 
clusively established  by  Dr.  H.  E.  Merwin  by  the  determination  of 
their  optical  properties.     Dr.  Merwin  reports  as  follows: 

The  grainB  are  mostly  single  crystals,  slightly  tabular  normal  to  an  optic  axis 
(uniaxial,  negative).  The  refracti\e  index  a)  was  found  to  be  2.51-fO.Ol  for  lithium 
light.  Measured  on  six  crystals,  <u— £  is  0.070+0.003.  The  value  for  o)  is  the  same 
as  all  observers  have  found  for  anatase  (ranging  between  2.515  and  2.521)  and  <i>— e  is 
the  same  as  later  investigators  have  found  for  this  mineral  (0.066—0.073). 

A  few  prisms  and  knee-shaped  twins  of  rutile  occur  with  the  octa- 
hedrite. The  octahedrite  and  rutile  are  subordinate  constituents, 
but  they  are  the  only  gangue  minerals  in  the  deposit  other  than 
quartz. 

A  particularly  rich  shoot  of  ore  has  been  developed  by  a  winze 
sunk  from  a  point  near  the  end  of  the  upper  tunnel.  In  this  shoot 
are  small  masses  of  what  is  locally  known  as  greenish  talc.^  Some 
of  these  were  mined  separately  and  two  shipments  aggregating  about 
1  ton  were  sent  to  the  smelter  at  Murray,  Utah.  On  a  control  sample 
of  this  ore  Ledoux  &  Co.  report  as  follows:  Gold,  111  ounces  to  the 

»  Hale,  F.  A.,  Eng.  and  Min.  Jour.,  vol.  98,  p.  542, 1914. 
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ton;  platinum,  99.08  ounces  to  the  ton;    palladium,  16  oimces  to  the 
ton;  iridium,  trace. 

The  ''greenish  talc,"  determined  chemically  and  microscopically, 
proves  to  be  a  bismuth-bearing  variety  of  the  rare  mineral  plimibo- 
jarosite.  It  is  a  greenish-yellow  mineral  of  smooth,  unctuous  feel, 
which  under  the  highest  power  of  the  microscope  is  seen  to  consist 
of  perfect  hexagonal  tablets  averaging  0.01  millimeter  in  diameter. 
It  carries  considerable  mechanically  admixed  gold  and  platinum 
metals.  An  analysis  of  the  purest  ootainable  material  was  made 
in  the  laboratory  of  the  United  States  Geological  Survey  by  R.  C. 
Wells,  with  the  following  results: 

Analysis  of  bismvMc  plumbojarosiU/rom  the  Boss  mine. 


FeaOj 32.24 

AlA 14 

SO, 24.08 

PbO 16.75 

HjO- 02 

HjO-h 8.56 

CuO 1.97 

BiaOs 6.34 


CaO. 

MgO  . 

KjO. 

Na^O. 

COj.. 

AfljOe. 


0.06 

14 

22 

52 

43 

09 

PjOa Trace. 

SiO, 6.90 


TiOa 
Au.. 
Pt  .. 
Pd.. 


0.37 

79 

05 

22 

It Trace. 

Ag Trace. 


99.88 


Reduced  to  ounces  a  ton,  the  analysis  shows  gold  to  be  present  to 
the  extent  of  234  ounces,  platiniun  15  ounces,  and  palladium  64 
ounces.  Assays  of  similar  material  are  reported  to  show  as  high  as 
575  ounces  of  gold,  230  oimces  of  platinum,  and  30  ounces  of  palla- 
dimn.  The  siUca  and  titania  shown  by  the  analysis  represent  an 
admixture  of  quartz  and  octahedrite.^ 

The  gold  and  platinum  metals  can  be  partly  separated  from  the 
plumbojarosite  by  panning,  but  long  before  a  clean  sepai*ation  can  be 
effected  fine  gold  and  especially  platinum  pass  into  the  tailings, 
in  spite  of  the  utmost  precaution.  The  gold  is  extraordinarily  rough 
and  spongy;  delicate  platy  forms  are  common,  and  some  is  inter- 
grown  with  quartz  and  plumbojarosite  or  is  molded  around  minute 
quartz  crystals.  It  is  more  or  less  blackish,  and  aggregates  of  the 
finer  particles  look  like  so  much  black  sand.  Treatment  with 
hydrochloric  acid  and  annealing,  however,  bring  out  the  normal 
yellow  color  of  gold.  Some  of  the  larger  particles  after  being  treated 
thus  were  analyzed  by  R.  C.  Wells,  as  follows: 

Analysis  of  gold  from  the  Boss  mine. 

Gold 97. 8 

Silver 2.2 

Platinum  metals Trace. 


100.0 


I  Further  stud^  of  the  material  analyzed  shows  that  it  oontalns  20  per  cent  of  beaverite,  CuO.PbO. 
Fe3O1.2SO3.4HsO.  (See  Knopf,  Adolph,  Plumbojarosite  and  other  basic  lead-ferric  sulphates  tram  the 
YeJJow  Pine  district,  Nev.:  Washington  Acad.  Sci.  Jour.,  vol.  5,  pp.  497-503, 1915.) 
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Qualitative  tests  on  other  gold  partides  always  showed  the  absence 
of  platinum  metals,  and  the  inference  of  Ledoux  &  Co.  that  the  metals 
are  present  '' apparently  as  alloys  of  gold  and  platinum  metals"  is 
therefore  not  borne  out.  The  platinum  and  palladiima  occur  in 
extremely  small  particles,  which  even  at  high  magnification  under  a 
binocular  microscope  are  indistinguishable  from  the  dull  blackish 
particles  of  gold;  in  all  material  examined  by  the  writer  chemical 
tests  were  necessary  to  establish  the  presence  of  the  platinum  and 
allied  metals.  By  cleaning  the  precious  metals  in  molten  sodium 
carbonate,  particles  of  gray  metal  (platinum  and  palladium,  or  an 
alloy  of  these)  become  distinguishable  from  yellow  gold.  The  pos- 
sibility was  entertained  that  sperrylite  might  be  present  in  the  residue 
of  the  pannings  from  the  plumbojarosite  or  elsewhere  in  the  ores  of 
the  Boss  mine,  but  no  trace  of  this  mineral,  which,  according  to  its  dis- 
coverer, is  characterized  by  a  wonderfully  brilliant  luster,  was  found. 

The  pockets  of  plumbojarosite  occur  in  a  porous,  fine-grained 
siliceous  gangue,  which  is  a  replacement  of  the  dolomite  country 
rock.  The  pores  and  cavities  evidently  resulted  from  the  leaching  of 
sulphides  formerly  present;  they  are  now  partly  filled  with  malachite 
in  small  botryoidal  groups,  or  more  commonly  with  powdery  plumbo- 
jarosite. A  thin  section  cut  from  a  specimen  selected  for  assay 
shows  quartz,  commonly  euhedral,  and  plumbojarosite  scattered 
throughout  the  material,  perhaps  to  the  extent  of  10  per  cent.  This 
specimen  was  submitted  to  the  Bureau  of  the  Mint  for  assay,  and 
F.  P.  Dewey  reports  as  follows: 

Gold,  4.12  ounces  to  the  ton;  platinum  metalB  remaining  insoluble  on  boiling  the 
silver  bead  in  strong  sulphuric  acid,  3.35  oimces  to  the  ton.  I  made  no  determination 
of  palladium,  but  the  sulphuric-acid  solution  was  strongly  colored,-  indicating  that 
much  palladium  had  gone  into  solution. 

This  determination  of  the  platinum  metals  (mainly  platinum  with 
some  iridium)  is  therefore  a  minimum  for  this  particular  sample. 
The  ore,  despite  its  extreme  richness,  shows  no  free  gold  or  platinum 
metals.  The  writer  was  unable  to  pan  any  precious  metal  from 
this  ore,  or  to  separate  any  with  heavy  solution,  but  on  evaporation 
with  hydrofluoric  acid  an  extremely  fine  black  residue  remained, 
containing  gold,  platiniun,  palladium,  and  octahedrite. 

A  composite  of  22  samples  taken  in  the  winze  connecting  the  upper 
and  middle  tunnels  and  on  the  intermediate  level  yielded  the  following 
return,  in  ounces  to  the  ton:  Gold,  3.46;  silver,  6.4;  platinxmi,  0.70; 
palladium,  3.38.^  It  is  probable  that  there  are  several  hundred 
tons  of  ore  of  this  grade,  which,  with  platinum  and  palladium  at  $45 
an  oimce,  has  a  value  of  $256  a  ton. 

1  Data  fumJahed  to  tbe  writer  by  a  mining  emgtniwr  who  examined  the  mine  under  an  option  that  was 
not  ezeroiaed. 

10427**— Bull.  620—16 2 
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The  only  sulphide-bearing  ore  exposed  in  the  mine  at  the  time  of 
visit  was  in  the  sublevel  below  the  upper  timnel.  Here,  in  particularly 
tight  ground,  about  3  feet  of  copper  ore  rich  in  chalcocite  had  been 
opened.  An  average  sample  of  this  ore,  as  reported  by  the  manage- 
ment, showed  copper  15.1  per  cent  and  platmum  metals  0.40  ounce; 
gold  0.13  ounce,  and  silver  1.2  ounces  to  the  ton. 

The  chalcocite,  which  is  of  the  steely  kind  and  shows  conchoidal 
fracture,  occiu^  as  small  blebs  and  finely  disseminated  particles 
embedded  in  a  dose-grained  siUceous  gangue.  It  is  partly  altered 
to  brochantite,  the  basic  sulphate  of  copper,  which  forms  small 
glassy  emerald-green  prisms  implanted  on  the  sulphide  from  which 
it  was  derived.  Examination  of  this  ore  under  the  microscope 
shows  that  it  is  an  aggregate  of  quartz,  chalcocite,  and  brochantite, 
with  octahedrite  present  as  a  rare  accessory  mineral;  the  brochantite 
occurs  in  partial  replacement  of  the  quartz  and  is  somewhat  more 
abimdant  than  would  be  estimated  from  inspection  by  the  unaided 
eye.  An  oxidized  bismuth  compound,  whose  identity  was  not 
established,  is  associated  with  some  of  the  chalcocite. 

GENESIS  OF  THE  QBE. 

The  Boss  deposit  represents  in  the  main  an  irregular  siliceous 
replacement  of  dolomite  along  a  series  of  vertical  fractures.  On 
accoimt  of  the  prevalent  oxidation  and  the  inconsiderable  depth  to 
which  the  workings  have  penetrated,  primary  sulphides  have  not 
yet  been  reached.  The  chalcocite,  the  only  sulphide  so  far  foimd, 
most  probably  originated  as  a  precipitate  from  downward-moving 
solutions  whose  copper  was  derived  from  primary  sulphides  formerly 
exposed  to  oxidation  near  the  surface. 

The  deposit  yields  as  yet  no  especially  strong  evidence  concerning 
the  genetic  conditions  that  prevailed  at  the  time  it  originated. 
Soijae  clue  is  perhaps  afforded  by  the  presence  of  the  titanium  oxide 
minerals,  octahedrite  and  rutile.  Both  of  these  are  rather  uncom- 
mon in  metalliferous  deposits.  Of  the  two  rutile  is  the  more  common. 
It  is,  for  example,  somewhat  abundant  in  certain  of  the  auriferous 
deposits  of  the  Juneau  gold  belt,  which  are  veins  that  originated  at 
high  temperature;  in  fact,  according  to  W.  H.  Emmons,^  rutile  is 
restricted  to  high-temperature  veins.  Octahedrite  occurs  in  the 
tourmaline-bearing  copper  veins  of  Las  Condes,  Chile  ;^  in  tin  veins 
of  Saxony  associated  with  apatite,  fluorite,  and  chlorite;  and  in 
fissure  fillings  in  the  Alps,'  but  these  veins  are  not  notably  metallif- 
erous.   The  Alpine  veins  are  thought  to  have  formed  at  tempera- 

1  A  genetic  classlflcation  of  minerals:  Econ.  Geology,  vol.  3,  p.  02S,  1908. 
t  Lindgren,  Waldemar,  Mineral  deposits,  p.  655, 1913. 

*  Koenigsberger,  Johann,  Transformations  and  chemical  reactions  in  their  application  to  temperature 
measurement  of  geologic  processes:  Eoon.  Geology,  vol.  7,  p.  697, 1912. 
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tures  between  250®  and  400*'.  In  view  of  the  aflBliation  generally 
shown  by  the  octahedrite  and  nitile  with  deposits  of  high-temperature 
origin,  the  suggestion  is  advanced  that  the  primary  ore  of  the  Boss 
deposit  was  formed  under  conditions  of  moderately  high  temperature. 

The  facts  at  hand  can  not  of  themselves  be  held  to  prove  that  the 
ore  deposition  was  genetically  connected  with  the  intrusion  of  any 
particular  dike  or  igneous  mass  now  visible  at  the  surface.  It  is 
probable,  nevertheless,  that  the  mineralization  followed  as  a  sequel 
to  the  intrusion  of  the  magma  from  which  the  granite  porphyry 
dikes  were  derived,  for  these  are  the  only  intrusives  that  penetrate 
the  rocks  of  the  district. 

The  deposit,  as  already  described,  is  highly  oxidized  and  contains 
abundant  oxidized  copper  compounds  and  plumbojarosite.  These 
minerals  indicate  that  the  primary  sulphides  will  be  found  to  carry 
copper,  iron,  lead,  bismuth,  and  precious  metals.  The  extraordinary 
richness  in  gold,,  platinum,  and  palladium  of  ore  containing  notable 
quantities  of  plumbojarosite  raises  an  important  problem.  It  is  of 
coiu*se  not  impossible  that  the  plumbojarosite  may  have  originated 
essentially  in  place  by  simple  oxidation  of  sulphides  that  were 
extremely  rich  in  precious  metals.  A  partial  analogy  for  this  sup- 
position is  furnished  by  the  development  of  the  brochantite  in  the 
chalcocite-bearing  ore;  the  brochantite  appears  to  have  formed  in 
place  from  the  chalcocite  without  any  important  migration  of  copper. 
For  the  origin  of  the  plumbojarosite,  however,  the  following  explana- 
tion appears  to  fit  the  known  facts  more  closely.  B.  S.  Butler,* 
who  has  recently  shown  that  in  the  oxidized  ores  of  Utah  plumbojar- 
osite is  rather  conunon,  although  heretofore  unrecognized,  believes 
that  in  the  occurrences  studied  by  him  the  plumbojarosite  was 
produced  by  the  action  of  ferric  solutions  on  galena;  the  lead  has 
remained  essentially  in  place,  but  the  iron  may  have  come  from 
some  distance.  It  is  therefore  suggested  that  in  the  Boss  ore  body 
descending  solutions  rich  in  ferric  sulphate  attacked  primary  galena, 
forming  the  plumbojarosite,  and  that  this  reaction  caused  the  con- 
comitant precipitation  of  the  gold,  platinum,  and  palladium.  Accord- 
ing to  this  explanation  an  efficient  solvent  for  the  precious  metals 
was  active  and  in  this  connection  the  fact  estabUshed  by  R.  C.  Wells, 
during  the  chemical  investigation  of  the  plumbojarosite,  that  the 
precious  metals  are  rather  soluble  in  hydrochloric  acid  in  the  presence 
of  plumbojarosite  is  highly  suggestive. 

On  the  whole,  then,  it  is  likely,  in  view  of  the  probable  mode  of 
origin  of  the  plumbojarosite  and  of  the  evidence  of  leaching  inidicated 
by  the  porous  nature  of  the  siUceous  ore,  that  a  certain  amount  of 
redistribution  of  gold,  platinum,  and  palladium  has  taken  place  by 

I  Occurrcnoc  of  complex  and  I  ittlo-known  sulphates  and  sulpharsenates  as  oro  minerals  in  Utah:  Eoon. 
Oeology,  vol.  8,  pp.  315-316, 1913. 
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the  action  of  descending  surface  solutions.  It  would  follow,  then, 
that  in  depth,  below  the  zone  of  oxidation,  the  pockets  of  extremely 
high-grade  ore,  such  as  are  now  being  extracted,  will  be  found  to 
give  way  to  ore  of  moderate  grade. 

AZXJRITB   MINING    CO.'S    CLAIMS. 

The  claims  of  the  Aziuite  Mining  Co.  adjoin  those  of  the  Boss 
group,  and  some  work  is  in  progress  here.  The  Rosella  prospect, 
situated  several  hundred  feet  north  of  the  Boss  mine,  is  in  a  coarsely 
crystalline  white  dolomite;  the  metalliferous  deposits  consist  of  small 
irregular  bodies  of  oxidized  lead-zinc  ore.  Of  interest  is  the  occur- 
rence of  pure  lumps  of  the  rare  mineral  plumbojarosite,  consisting 
of  minute  hexagonal  tablets,  having  a  maximum  refractive  index  of 
1.83,  and  reacting  for  lead,  ferric  iron,  water,  and  sulphate.  Curi- 
ously enough  the  plumbojarosite  is  not  a  bismuth-bearing  variety, 
as  at  the  adjoining  Boss  mine.  In  places  a  porous. siUceous  gangue 
is  found,  but  this  has  not  been  shown  to  be  platiniferous. 

On  the  Aziu^ite  claim  a  body  of  oxidized  copper  ore  inclosed  in 
coarsely  crystalline  dolomite  has  been  opened.  The  gangue  is  sili- 
ceous and,  in  addition  to  carrying  the  oxidized  copper  minerals, 
locally  contains  chalcocite. 

ORO   AMIGO    MINE. 

At  the  time  of  the  writer's  visit  to  the  Yellow  Pine  district,  metals 
of  the  platinum  group  were  known  to  occur  only  at  the  Boss  mine. 
Since  then  they  have  been  found  in  the  ore  of  the  Oro  Amigo  mine, 
the  property  of  the  Oro  Amigo  Platino  Mining  Co.,  which  is  situated 
between  1  and  2  miles  northeast  of  the  Boss  mine.  Mr.  H.  K.  Rid- 
dall,  to  whom  the  writer  is  indebted  for  specimens  of  the  ore,  reports 
as  follows: 

Assay  of  ore  from  Oro  Amigo  mine. 
[Ounces  to  the  ton.] 

Plati- 
num 
metals. 


Sample  No.  1,  width  3  feet 0.11  0.10 

Sample  No.  2,  width  6  inches .51         SmalL 

Sample  No.  1,  as  examined  by  the  writer,  consists  essentially  of 
limonite;  it  carries  no  bismuth  nor  admixed  plumbojarosite  and  is 
therefore  quite  unUke  the  ore  of  the  Boss  mine.  This  may  indicate 
that  the  diistribution  of  the  platinum  metals  is  more  widespread  in 
the  YeUow  Pine  district  than  is  now  known  and  that  it  is  not  restricted 
to  the  pecuhar  mineral  association  shown  by  the  Boss  deposit.  Sample 
No.  2  is  a  siliceous  rock,  holding  numerous  small  angular  fragments  of 
chert,  and  is  coated  and  permeated  with  limonite. 
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GEOIiOGIC    OCCURRENCE   OP   PLATINUM. 
BEVIBW  OF  KNOWN  LODE  OOCTJBEENCES. 

To  afford  a  basis  for  comparison  of  the  platinif eroiis  deposit  at  the 
Boss  mine  with  other  occurrences  of  platinum  in  lodes,  a  short  sum- 
mary is  given  in  the  following  pages,  describing,  so  far  as  they  are 
known,  the  geologic  features  of  some  of  the  more  important  occur- 
rences of  platinum  in  lode  deposits. 

The  bulk  of  the  world's  supply  of  platinum,  as  is  well  known,  is 
obtained  not  from  lodes  but  from  placers,  those  in  the  Ural  Mountains 
of  Russia  alone  fiumishing  95  per  cent  of  the  entire  annual  production. 
Minor  quantities  are  derived  from  Colombia,  California,  and  New 
South  Wales.  In  the  Ural  Moimtains  the  platinum-bearing  gravels 
have  resulted  from  the  erosion  of  a  broad  belt  of  basic  plutonic  rocks 
trending  parallel  to  the  axis  of  the  range.^  The  platinum,  traced  to 
its  bedrock  source,  is  found  as  an  original  constituent  of  dunite,  or 
rarely  of  pyroxenite,  and  as  such  has  crystallized  from  a  molten  state, 
most  commonly  in  association  with  chromite.  The  metal  occurring 
thus,  however,  is  too  dispersed  to  be  economically  valuable.  Certain 
segregations  of  chromic  iron  in  the  dunite  contain  considerable 
amounts  of  platinum,  but  even  these  are  so  small  and  irregularly 
distributed  that  they  do  not  admit  of  profitable  exploitation.  The 
output  of  platinum  in  the  Ural  region  is  therefore  derived  solely  from 
the  placers.  These  are  now  worked  mainly  by  dredges,  and  this 
industry  is  regarded  as  likely  to  show  an  expansion  in  the  future.' 

The  platiniferous  gravels  of  other  districts,  such  as  those  of  Colom- 
bia, have  essentially  the  same  geologic  relations  as  those  of  the  Ural 
Mountains.  The  platinimi  obtained  as  a  by-product  of  the  gold- 
dredging  industry  of  California  is  shown  by  Lindgren '  to  be  derived 
from  the  erosion  of  the  serpentine,  peridotite,  and  gabbro  masses 
occurring  in  the  auriferous  region. 

Although  platinum  occurs  in  metalliferous  lodes  at  a  number  of 
places  in  several  parts  of  the  world,  no  lode  deposit  is  worked  solely 
for  its  platinum  content.  In  fact,  the  platinum  in  those  deposits 
from  which  it  is  obtained  forms  but  an  insignificant  fraction  of  the 
total  metallic  content,  either  in  quantity  or  in  value,  and  is  recov- 
ered as  a  minor  by-product.  There  are,  however,  a  few  platiniferous 
lode  deposits  which,  under  more  favorable  commercial  conditions,  may 
possibly  become  productive  and  in  which  the  platinum  is  the  metal 
of  predominant  value. 


1  Dupaic,  Louis,  Le  platine  et  les  gites  platinifdres  de  rOuial:  Arch,  act  phys.  nat.,  vol.  31 ,  1911 ;  reviewed 
by  E.  S.  Bastin  in  Eoon.  Geolof^,  vol.  7,  pp.  202-203, 1912. 

I  HutchJns,  J.  P.,  Dredging  in  the  Russian  Empire:  Eng.  and  Min.  Jour.,  vol.  98,  p.  857, 1914. 

*  Ltaidgren,  Waldemar,  The  Tertiary  gravels  of  the  Siena  Nevada  of  California:  U.  6.  OeoL  Survey  PraH 
F&per  73,  p.  74,1911. 
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Platinum  and  palladium  occur  in  the  copper-nickel  ore  of  the  Sud- 
bury region^  Canada,  and  small  quantities  of  these  metals  are  recov- 
ered annually  from  the  electrolytic  muds  formed  during  the  refining 
of  the  nickel.  In  1902  no  less  than  2,375  oimces  of  platinum  and 
4,411  ounces  of  palladium  were  recovered,  but  the  production  has 
since  decreased  very  considerably,  and  no  figures  are  available  for  the 
years  after  1904.*  The  platinum  occurs  in  the  ores  of  the  Sudbury 
region  as  the  arsenide,  sperrylite,  the  only  known  natural  compound 
of  the  metal.  This  mineral  was,  in  fact,  first  discovered  in  the  gossan 
of  the  Vermihon  mine.  Although  palladium  is  present  in  larger 
amounts  than  platinum,  no  palladium  compound  has  yet  been  recog- 
nized.' Sperrylite  forms  small  cubes  and  octahedrons  of  briUiant 
tin-white  color  and  resists  weathering  completely;  hence  it  becomes 
concentrated  in  the  gossans  of  the  oxidized  sulphide  masses.^  In  the 
unoxidized  ore  it  is  associated  mainly  with  chalcopyrite,  from  which 
it  can  be  isolated  by  treatment  with  acid.  The  Sudbury  deposits, 
consisting  of  pyrrhotite,  pentlandite,  and  chalcopyrite,  resulted  from 
the  separation  of  these  minerals  from  a  body  of  molten  rock  before 
cooling  was  complete;  the  associated  platinum  and  palladium  are 
therefore  of  direct  magmatic  origin. 

Sperryhte  has  also  been  recognized  in  the  ore  of  the  Rambler  mine, 
Wyoming.*  The  deposit  consists  of  covellite,  chalcopyrite,  chalco- 
cite,  and  pyrite  inclosed  m  a  highly  decomposed  diorite.  The  sperry- 
lite is  particularly  associated  with  the  covellite  in  extremely  minute 
crystals,  the  largest  isolated  by  Wells  and  Penfield  *  measuring  only 
0.12  millimeter  in  diameter.  Considerable  palladium  is  associated 
with  the  platinum.  A  special  investigation  was  made  by  T.  T.  Read  • 
to  determine  the  condition  in  which  this  palladium  occurs  in  the  ore. 
He  concluded  that  it  is  either  in  the  tetrahedrite,  which  he  showed 
is  a  constituent  of  the  Rambler  ore,  or  may  be  present  as  some  defi- 
nite palladium  mineral  soluble  in  nitric  acid  or  caustic  soda.  No 
evidence  was  obtained  that  the  palladium  is  present  as  an  arsenide 
analogous  to  sperrylite.  In  recent  years  an  experimental  mill  has 
been  bxiilt  at  the  Rambler  mine  and  the  recovery  of  the  precious 
metals  attempted.'^    In  1911  an  initial  production  of  about  60  ounces 

1  Coloman,  A.  P.,  The  nickel  industry;  with  special  reference  to  the  Sudbury  region,  Ontario,  pp.  109-110, 
1913. 
>  Idem,  p.  29. 
s  Idem,  pp.  44-66. 

*  Kemp,  J.  F.,  Platinum  in  the  Rambler  mine,  Wyoming:  U.  S.  Qeol.  Survey  Mineral  Resources,  1908, 
pp.  244-250, 1904.  Emmons,  8.  F.,  Plattaium  in  copper  ores  in  Wyoming:  U.  8.  OeoL  Survey  Bull.  213, 
pp.  94-97, 1903. 

*  Am.  Jour.  ScL,  4th  ser.,  vol.  13,  p.  96, 1903. 

*  Platinum  and  palladium  in  certain  oopi>er  ores:  Eng.  and  Min.  Jour.,  vol.  79,  pp.  965-986, 1905. 
'Concentration  of  platiniferous  copper  ore  at  the  Rambler  mine,  Wyoming:  Met.  and  Chem.  Eng.,  vol. 

9,  pp.  75-78, 1911.    This  article  describes  the  methods  of  investigation  and  treatment,  the  experimental 
mill,  giving  its  flow  sheet  and  assays  of  the  different  table  products  and  the  assay  methods  employed. 
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was  made,^  but  in  1912  the  plant  was  shut  down.  An  assay  of  a 
general  sample  on  the  stope  level  of  the  Rambler  mine  is  reported  to 
show  1.3  ounces  of  precious  metals  (mainly  platinum  and  palladium) 
to  the  ton  and  6  per  cent  of  copper.'  On  accoimt  of  the  profound 
metamorphism  of  the  Rambler  deposit;  due  to  oxidation  and  sulphide 
enrichment;  the  genesis  of  the  deposit  has  not  been  satisfactorily 
established. 

The  platinum-bearing  peridotite  dikes  near  Bunkervillc;  Clark 
County,  Nev.;  25  miles  east  of  Moapa  and  100  miles  northeast  of  the 
Boss  mine,  are  described  by  Howland  Bancroft.'  The  dikes,  as  de- 
termined on  fairly  fresh  material  from  the  Great  Eastern  prospect, 
consist  chiefly  of  augite,  olivine,  biotite,  and  enstatite  and  contain 
pyrrhotite,  probably  nickeliferous,  chalcopyrite,  and  magnetite.  The 
sulphides  are  apparently  of  pyrogenic  origin.  A  shipment  of  91,600 
pounds  from  the  Key  West  dike  showed  a  content  of  2.3  per  cent  of 
copper,  1.79  per  cent  of  nickel,  and  0.13  ounce  of  platinum  metals  to 
the  ton.  As  a  result  of  careful  experimentation  Dickson  *  concluded 
that  the  platinum  does  not  exist  as  sperryhte  in  this  ore;  it  occurs 
apparently  in  a  form  soluble  in  nitric  acid,  caustic  soda,  or  hydro- 
fluoric acid. 

A  platiniferous  deposit  of  contact-metamorphic  origin  in  Sumatra 
is  briefly  described  by  L.  Hundeshagen.^  The  deposit  consists  of 
wollastonite,  garnet,  and  bomite  and  is  regarded  as  having  resulted 
from  the  metamorphism  of  a  limestone  lens  by  granite.  Slightly 
decomposed  woUastonite  containing  no  copper  proved  to  be  richest 
in  platinum,  carrying  0.17  ounce  to  the  ton,  besides  0.11  ounce  of 
gold. 

A  remarkable  deposit  of  palladium-gold  occurs  at  Candonga,  in 
Minas  Oeraes,  Brazil.®  Gold  and  palladium-gold  (an  alloy  of  gold 
containing  about  8  per  cent  of  palladium)  are  found  in  a  rock  con- 
sisting of  an  intergrowth  of  pyroxene,  actinolite,  chondrodite,  calcite, 
mf^etite,  and  ilmenite.  This  lime-silicate  rock  was  beyond  question 
derived  from  a  limestone  lens  in  itabirite,  as  a  result  of  the  contact 
metamorphism  produced  by  the  intrusion  of  granitic  and  pegmatitic 
masses. 

The  Gongo  Socco  mine,  also  in  Minas  Geraes,  produced  390,337 
ounces  of  gold  carrying  approximately  4  per  cent  of  palladium.     This 

1  Horton,  F.  W.,  Platinum:  Mineral  Industry,  lon,  p.  597, 1912. 

>Met  and  Chem.  En^.,  vol.  9,  p.  76, 1911. 

■Platinum  in  southeastern  Nevada:  U.  S.  Qeol.  Survey  Bull.  430,  pp.  192-199, 1910. 

*  Dickson,  C.  W.,  The  distribution  of  the  platinum  metals  In  other  sources  than  placers:  Canadian  Mln. 
Inst.  Jour.,  vol.  8,  pp.  206-207, 1906. 

*  Inst.  Min.  and  Met.  Trans.,  vol.  13,  pp.  550-652, 1905. 

*  Hussak,  Eugen,  Ueber  das  Vorkommen  von  Palladium  und  Platin  in  Brasilien:  K.  Akad.  Wiss.  Wien 
Sitsungsber.,  vol.  113,  pt.  1.  pp.  394-425,  1904.  The  main  features  of  this  report  are  summarised  by  its 
author  in  Zattschr.  prakt.  Oeologie,  1906,  pp.  284-293. 
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deposit,  like  that  of  Candonga,  is  regarded  by  Hussak^  as  having 
originated  as  a  result  of  the  metamorphism  exerted  by  granitic  intru- 
sions on  a  limestone  layer  in  the  itabirite  series. 

The  Ruwe  gold  lode,  in  the  Belgian  Kongo,  consists  of  a  bed  of 
sandstone  in  a  series  of  sandstones  and  quartzites.  It  carries  gold, 
platinum,  palladium,  and  silver,  said  to  average  $17  to  the  ton.  Gold 
and  platinum  are  present  in  the  metallic  state,  and  with  them  are 
associated  a  number  of  lead  and  copper  vanadates,  together  with 
pyromorphite  and  malachite.  The  origin  of  this  deposit  has  not  yet 
been  established.' 

The  occurrence  of  platinum  in  quartz  veins  is  recorded  from  a  num- 
ber of  locaUties,  but  none  of  these  appear  to  be  of  commercial  im- 
portance. The  platiniferous  character  of  certain  pyritic  gold-quartz 
veins  which  traverse  crystalline  schists  near  the  Rio  Bruscus,  in  the 
State  of  Pemambuco,  Brazil,  has  been  demonstrated  by  Williamson.* 

In  New  Zealand  some  small  quartz  veins  cutting  mica  schists  and 
phyllite  have  been  found  to  be  platiniferous  by  J.  M.  Bell;*  the  best, 
however,  carries  only  0.17  ounce  of  platinum  to  the  ton.  The 
associated  sulphides  are  pyrite  and  chalcopyrite,  and  silver  is  present 
in  the  ratio  of  7  parts  of  silver  to  1  of  platinum.  The  veins  occur 
near  altered  magnesian  plutonic  rocks  and  are  believed  to  have 
originated  as  a  result  of  the  intrusion  of  these  rocks. 

As  early  as  1806  Vauquelin  had  established  the  presence  of  platinum 
in  the  ore  of  a  silver  mine  at  Guadalcanal,  Spain.^  The  mineral 
analyzed  was  tetrahedrite,  or  some  mineral  closely  resembling  it, 
and  was  found  to  contain  copper,  lead,  antimony,  iron,  sulphur,  silver, 
and  some  arsenic.  The  platinum  content  proved  to  be  irregular, 
ranging  from  a  trace  to  as  much  as  10  per  cent.  The  veins  are 
inclosed  in  mica  schist  and  have  a  gangue  of  calcite,  barite,  and  quartz. 

Other  examples  of  lodes  in  which  platinum  has  been  detected 
might  be  cited,  but  those  already  mentioned  serve  to  illustrate  the 
salient  featiu*es  of  occurrences  of  platinum  in  veins.  A.  Eilers ' 
has  recently  placed  on  record  a  table  which  gives  the  amount  of 
platinum,  palladium,  and  other  elements  contained  in  the  bUster 
copper  from  a  number  of  the  larger  smelteries.  Although  these  two 
metals  are  present  in  extremely  minute  proportions  they  are  recovered 
during  refining  in  the  electrolytic  muds,  where  they  accimiulate  as 
valuable  by-products.     The  palladium  is  generally  more  abundant 

1  Hoaaak,  Eagen,  Ueber  das  Vorkommen  von  PalladJum  und  Platin  in  BraaJllen:  K.  Akad.  Win. 
Wien  Sitsungsber.,  vol.  113,  pt.  1,  p.  991, 1004. 
s  Ball,  8.  H.,  and  Shaler,  M.  K.,  Eoon.  Geology,  vol.  9,  pp.  633-635, 1914. 

*  Huasak,  Kngan,  Zaltschr.  prakt  Geologle,  1906,  p.  291. 

*  New  Zealand  Oeol.  Survey  Bull.  1,  new  ser.,  pp.  £0, 96, 1906.     . 

^  Kemp,  J.  F.,  The  geological  relations  and  distribution  of  platinum  and  associated  metals:  U.  8.  OeoL 
Survey  Bull.  193,  pp.  81-82, 1902. 

*  Oocurrenoe  of  some  of  the  rarer  metals  in  blister  copper:  Am.  Inst.  Hin.  £ng.  Bull.  78,  pp.  999>1000, 
1913. 
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than  the  platinum.  The  blister  copper  from  the  Steptoe  smeltery, 
which  treats  the  porphyry  ore  of  Ely,  Nev.,  contains  0.01  ounce  of 
platiniun  and  0.044  ounce  of  palladium  to  the  ton. 

Of  further  interest  in  connection  with  the  geology  of  platinum  are 
the  observations  of  Hussak  ^  on  the  solution,  migration,  and  redeposi- 
tion  of  this  metal  by  waters  of  surface  origin.  He  beUeves  that 
certain  botryoidal,  stalactitic  nuggets  of  platinum  were  deposited 
from  solutions  that  resulted  from  the  oxidation  of  platiniferous  sul- 
phides or  of  sperryUte.  The  suggestion  concemmg  the  derivation  of 
the  metallic  platinum  from  the  oxidation  of  platiniferous  sulphides 
is  probably  well  foimded,  but  that  concerning  the  sperrylite  seems 
not  to  be  supported  by  the  prevalence  of  this  mineral  in  the  gossan 
of  the  Vermilion  mine  in  the  Sudbury  district. 

CONCIiirSIONS   AND   COMPABISON'   OF  THE   BOSS    DEPOSIT   WITH 

PBEVIOUSIiY  KNOWK  DEPOSITS. 

The  bedrock  occurrences  of  platinum  show  that  this  element  is 
concentrated  mainly  by  magmatic  processes,  but  these  processes 
seem  rarely  or  never  to  have  gone  far  enough  to  produce  deposits  of 
economic  value.  As  a  •rule,  platinum  is  restricted  to  magnesian 
plutonic  rocks,  mainly  dunites  and  aUied  varieties.  It  is  present, 
however,  as  a  minor  constituent  of  some  magmatic  copper  or  copper- 
nickel  ores,  of  which  those  of  the  Sudbury  region  are  the  most  promi- 
nent examples;  further,  it  occurs,  as  the  table  given  by  Eilers  shows,  in 
practically  all  types  of  copper  ores,  although  in  extremely  minute 
quantities.  This  fact  emphasizes  the  conclusion,  first  drawn  by 
Kemp  ^  after  summarizing  the  information  concerning  the  known 
distribution  of  platinum,  that  platinum  '^does  appear  sometimes 
in  veins  with  other  metals,  especially  with  copper.  It  would  follow 
that  platinum  migrates  in  solution."  It  is  not  improbable,  there- 
fore, that  copper-bearing  deposits  may  occasionally  be  foimd  in  which 
platinum  forms  an  economically  important  constituent. 

The  association  of  platinum  with  sihceous  igneous  rocks  is  not 
wholly  unknown.  At  Copper  Mountain,  British  Columbia,*  platinum 
occurs  as  sperrylite  in  a  pegmatite  dike  which  carries  bornite,  probably 
as  a  pyrogenic  constituent.  The  pegmatite  cuts  gabbro,  however, 
instead  of  granite,  thus  differing  from  normal  pegmatites.  In 
Sumatra  a  platiniferous  deposit  of  contact-metamorphic  origin  has 
been  recognized;  it  is  thought  to  be  genetically  associated  with 
granitic  intrusions,  but  this  relation  has  not  been  decisively  estab- 
lished.    In  Brazil  palladium-bearing  gold  deposits,  also  of  contact- 

1  K,  Akad.  WIss.  Wien  Sitoungsber.,  vol.  113,  pt.  1,  pp.  452, 458, 1904;  see  especially  pi.  2,  figs.  2  and  3. 

>  Kemp,  J.  F.,  U.  8.  Geol.  Survey  Dull.  193,  p.  34, 1902. 

*  Catherinet,  Jules,  Copper  Mountain,  British  Columbia:  Eng.  and  llJn.  Jour.,  vol.  79,  pp.  125-127, 1906. 
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metamorphic  origin,  are  related  to  the  intrusion  of  granite  and 
pegmatite. 

In  short,  then,  primary  deposits  containing  platinum  in  noteworthy 
quantities  are  mainly  of  igneous  origin,  but  some  of  hydrothermal 
origin  have  been  discovered  and  are  mainly  copper-bearing  deposits. 
It  is  perhaps  most  reasonable  to  expect  that  platinum  should  occur,  as 
a  rule,  in  high-temperature  copper  veins — an  expectation  partly  borne 
out  by  the  Sumatran  occurrence — but  this  supposition  seems  to  be 
opposed  by  the  fact  that  platinum  in  certain  other  recognized  occur- 
rences is  associated  with  tetrahedrite,  a  mineral  not  characteristic  of 
high-temperature  zones. 

From  the  foregoing  discussion  it  is  apparent  that  the  gold-plati- 
num-palladium deposit  at  the  Boss  mine  is  not  closely  similar  to 
any  other  deposit  carrying  metals  of  the  platinum  group  heretofore 
described.  Its  cupriferous  character  links  it,  however,  with  most  of 
the  other  known  platinum-bearing  lode  deposits.  The  occurrence 
of  abundant  gold  together  with  palladium,  on  the  other  hand,  is 
suggestive  of  the  Brazilian  deposits,  as  is  also  its  probable  genetic 
connection  with  siliceous  igneous  rocks. 


NITRATE  DEPOSITS  IN  SOUTHERN  IDAHO  AND  EASTERN 

OREGON. 


By  G.  R.  Mansfield. 


INTRODUCTION. 

The  nitrate  deposits  near  HomedalO;  Idaho,  appear  to  have  been 
first  discovered  in  the  spring  of  1914  by  D.  J.  Sullivan,  of  Homedale, 
who,  according  to  his  own  account,  recognized  their  occurrence  in  the 
canyon  of  Jump  Creek  about  10  miles  south  of  Homedale  in  proxim- 
ity to  an  old  metalliferous  prospect  just  below  the  falls  of  that  creek. 
Only  a  small  quantity  of  tlie  material  was  found,  '^enough  to  fill  two 
flour  sacks,"  but  a  strip  of  brown  paper  dipped  in  a  solution  of  the 
substance  and  then  dried  and  burned  indicated  by  its  sputtering 
scintillations  the  presence  of  a  nitrate. 

About  the  same  time  the  young  sons  of  George  D.  Huntley,  whose 
ranch  lies  in  the  canyon  of  Sucker  Creek  about  10  miles  west  of  the 
Jump  Creek  locality,  were  playing  in  a  small  cave  at  the  base  of  a 
cliff  in  the  canyon  about  half  a  mile  below  their  home.  Having 
started  a  fire  in  the  cave,  they  were  surprised  to  find  that  some  of* 
the  white  material  at  the  back  of  the  cave  and  in  the  crevices  of  the 
rock  took  fire  and  burned  vigorously.  This  incident,  together  with 
the  discovery  by  a  camping  party  of  a  white  deposit  at  several  local- 
ities on  Sucker  Creek,  was  reported  to  Mr.  Sullivan,  who  visited  the 
place  and  again  recognized  the  presence  of  a  nitrate  in  the  deposits. 
Meanwhile  a  prospector  named  Lacky  who  had  passed  through  Sucker 
Canyon  had  collected  a  sample  of  the  white  material  and  had  shown 
it  to  persons  in  Ontario,  Oreg.,  among  whom  chanced  to  be  Henry 
Wilson,  a  California  mining  engineer,  who  recognized  the  presence  of 
a  nitrate  in  the  sample. 

Mr.  SulUvan  and  his  associates  staked  out  claims,  and  shortly 
afterward  interested  persons  from  Ontario  made  extended  examina- 
tion of  the  district  and  rapidly  staked  out  a  large  area,  so  that  con- 
siderable local  excitement  ensued.  At  the  time  of  the  writer's  visit 
(November,  1914),  however,  no  assessment  work  had  been  done  ex- 
cept by  Mr.  SuUivan  and  his  associates. 

The  writer  wishes  to  express  his  appreciation  of  the  kindness  ex- 
tended to  him  by  Mr.  Sullivan,  who  conducted  him  to  the  several 
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localities  where  the  interesting  deposits  of  the  district  could  be  best 
seen,  and  tendered  him  the  hospitality  of  both  camp  and  home. 
Thanks  are  due  also  to  Messrs.  F.  E.  and  W.  Tracy  for  courtesies  in 
camp. 

Mr.  J.  F.  Hunter,  jr.,  of  the  Greological  Survey,  has  been  kind  enough 
to  examine  and  discuss  with  the  writer  several  thin  sections  of  rocks 
from  this  region.  The  analyses  of  the  samples  were  made  in  the 
laboratories  of  the  Geological  Survey  by  Mr.  R.  K.  Bailey. 

HOMEDAIiE  DEPOSIT. 
GENERAL  FEATT7BES. 

The  Homedale  nitrate  deposit  is  located  in  and  near  the  canyon 
of  Sucker  Creek,  Oreg.,  about  16  miles  in  a  direct  line  southwest  of 
Homedale,  Idaho  (fig.  2),  but  the  distance  by  the  usual  road  is  nearly 
26  miles.  With  two  exceptions  the  locations  of  claims  and  prospects 
on  the  map  are  approximate,  because  it  proved  to  be  impracticable 
to  tie  these  locations  to  estabUshed  land  corners.  The  location  of 
Huntley's  ranch  is  taken  from  a  legal  description  of  the  property 
placed  in  the  writer's  hands  by  Mr.  Sullivan  after  the  completion  of 
the  examination.  The  location  of  the  American  placer  claim  was 
fully  set  forth  in  the  location  notice  at  the  discovery  stake  and  pros- 
pect. The  other  location  notices  observed  did  not  contain  specific 
reference  to  established  land  lines.  The  Sucker  Creek  prospects  are 
located  with  reference  to  Huntley's  ranch  and  the  Jump  Creek  pros- 
pects with  respect  to  the  topography  shown  on  the  map  of  the  Silver 
City  quadrangle  published  by  the  Geological  Survey.  Nitrate  was 
originally  discovered  in  this  region  in  the  canyon  of  Jump  Creek  about 
10  miles  south  of  Homedale,  immediately  below  the  falls  in  that 
canyon.  The  deposit  in  the  Jump  Creek  locality,  however,  appears 
to  have  been  exhausted  with  the  first  prospecting.  In  both  locali- 
ties the  mode  of  occurrence  of  the  nitrate  is  the  same. 

The  rhyolite  in  which  the  canyons  are  cut  forms  vertical  or  over- 
hanging cliffs.  Along  the  bases  of  the  cliffs  there  are  local  recesses  or 
tiny  caves.  (See  PL  II.)  Much  of  the  rhyohte  is  close  textmred  and 
massive,  but  there  are  zones  where  the  rock  is  more  open  textured 
and  shows  pronounced  banding  and  spherulitic  structure  together 
with  some  brecciation.  Associated  with  these  zones  are  certain 
bands,  more  massive  than  the  others,  that  contain  scattered  vesicles, 
2  to  6  inches  in  diameter,  many  of  which  are  in  part  or  wholly  filled 
with  opal,  agate,  or  chalcedony.  These  vesicles  give  a  blotchy 
appearance  to  the  rock  forming  the  cUffs.  At  these  places  also  the 
rocks  have  a  more  or  less  shelly  structure,  so  that  fractures  penetrate 
the  rock  in  many  directions  and  angular  pieces  3  to  6  inches  or  more 
long  and  1  to  3  inches  thick  are  readily  dislodged.     (See  Pis.  II,  lU.) 


A.    CONTORTED   FLOW   STRUCTURE   \tt  THE   RHVOLITE   OH   THE   WEST  V 


B.    CONTORTED   FLOW  STRUCTURE   IN  THE   RHVOLITE   ON  THE   EAST  WALL  OF 


NITBATE  DEPOSITS  IN  IDAHO  AND  OREGON. 


ABBIE  CIiADC. 


21 


At  the  Abbie  claim,  on  Huntley's  ranch,  this  shelly  zone  is  nearly 
50  feet  wide.     The  vesicles  are  partly  filled  with  a  green  mineral, 


FiGUKE  2.— Qeneral  map  of  the  nltxste  field  near  Homedale,  Idaho,  with  index  map  showing  the  location  of 

the  Homedale  and  SoldJer  deposits. 

which  is  also  disseminated  to  some  extent  through  the  rhyolite.  In 
thin  section,  under  the  microscope,  the  rhyolite  appears  to  be  normal 
in  composition,  showing  phenocrysts  of  quartz  and  feldspar  having 
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maximum  diameters  of  about  4  millimeters  in  a  fine  cryptocrystalline 
groundmass  of  quartz  and  orthoclase  with  a  few  specks  of  iron  ore 
and  a  little  chlorite.  The  green  mineral  is  not  differentiated  by  its 
refractive  index  from  the  surrounding  rock  and  appears  to  be  chal- 
cedony. The  color  is  apparently  little  more  than  stain,  though  fine 
particles  of  chlorite  may  be  present. 

In  the  cracks  and  crevices  of  the  rock  are  veinlets  of  white,  finely 
crystalline  material  which  bums  with  a  sparkling  flame  when  a 
lighted  match  is  apphed  to  it  and  causes  the  glowing  tip  of  the  match 
to  bum  brightly  at  white  heat.  The  veinlets  are  in  general  about 
one-eighth  to  three-eighths  of  an  inch  thick.  When  the  fractured 
rock  is  picked  away  fresh  seams  or  veinlets  of  the  white  deposit  are 
exposed,  but  these,  like  the  others,  are  only  a  fraction  of  an  inch 
thick,  and  much  of  the  deposit  is  so  loosely  aggregated  that  it  crum- 
bles and  falls  to  the  soil  below  when  the  shelly  rock  is  disturbed. 
Samples  of  this  material  appear  on  analysis  in  the  laboratories  of 
the  Geological  Survey  to  consist  essentially  of  potassium  nitrate  and 
sodium  nitrate.  (See  p.  26.)  Associated  with  the  nitrate  in  the 
same  or  adjacent  crevices  is  a  somewhat  harder  and  more  firmly 
aggregated  white  mineral  in  fairly  coarse  fibrous  or  prismatic  form. 
On  analysis  this  material  appears  to  consist  essentially  of  the  sul- 
phates of  sodium  and  magnesium.  The  zone  in  which  these  crevice 
deposits  occur  is  not  sharply  defined  but  has  a  width  of  3  or  4  feet. 
No  distinct  vein  of  the  material  is  to  be  seen. 

The  nitrate  tends  also  to  accumulate  in  the  border  zone  between 
the  soil  and  the  bases  of  the  cliffs  and  can  be  exposed  by  scraping 
away  the  soil.  It  was  reported  that  at  the  time  of  the  discovery 
this  material  at  the  soil  line  was  plentiful  enough  to  be  shoveled 
into  buckets.  This  excess  seems  to  have  been  removed,  and  only 
whitened  soil  and  a  scant  white  deposit  are  now  found  in  this  position. 
At  this  claim  an  opening  about  10  feet  long,  penetrating  the  cliff  face 
about  4  feet  and  extending  along  the  nitrate-bearing  zone  for  about 
8  feet,  had  been  made  at  the  time  of  the  writer's  visit. 

DOBOTHY  CLAIM. 

At  the  Dorothy  claim,  situated  about  half  a  mile  north  of  Hunt- 
ley's ranch,  at  the  base  of  the  cliff  on  the  east  side  of  Sucker  CJreek,  a 
pit  about  8  feet  long,  7  feet  deep,  and  3  feet  wide  has  been  opened. 
The  face  of  the  recess  or  cave  has  also  been  picked  down  a  few  inches 
or  perhaps  a  foot.  This  is  the  locality  at  which  the  Huntley  children 
discovered  the  inflammable  nature  of  the  deposit.  The  material  at 
this  claim  is  similar  in  nature  and  mode  of  occurrence  to  that  of  the 
Abbie  claim.  The  width  of  the  zone  in  which  the  veinlets  occur  is 
indeterminate  but  does  not  seem  to  exceed  3  feet.  The  veiiJets 
themselves  range  from  one-sixth  to  three-eighths  of  an  inch  in  thick- 
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ness  and  occur  in  crevices  between  the  rhyolite  blocks.  The  sodium 
and  magnesium  sulphates  in  their  coarse  fibrous  form  occur  in  the 
same  veinlets  with  the  nitrate,  which  is  here  sodium  nitrate,  and  in 
adjacent  veinlets.  The  material  at  the  soil  line,  which  was  reported 
to  have  been  fairly  abundant,  has  been  largely  removed,  so  that,  as 
in  the  Abbie  claim,  only  a  whitened  soil  and  a  scant  white  deposit 
were  to  be  seen  in  that  position  at  the  time  of  the  writer's  exami- 
nation. 

About  300  feet  north  of  the  Dorothy  claim  on  the  west  wall  of  the 
canyon  there  is  a  white  incrustation  of  small  extent  on  the  face  of  the 
cliS.  This  material  has  a  sharp,  puckery  taste,  resembling  that  of 
alujn.  A  qualitative  test  shows  it  to  consist  essentially  of  the  sul- 
phates of  alumina  and  magnesia.  Some  potassium  is  indicated  in  the 
analysis,  but  although  a  little  of  the  potash  alum  may  be  present  the 
composition  of  the  substance  is  nearer  that  of  pickeringite,  the  formula 
of  which  is  MgSO,.Al,(SO,)3.22H,0. 

OTHEB  PROSPECTS. 

Several  prospects  and  numerous  unprospected  claims  lie  along 
Sucker  Creek  as  well  as  east  and  west  of  the  creek  north  of  Hunt- 
ley's ranch.  The  mode  of  occurrence  and  character  of  the  deposits 
on  these  claims  were  similar  to  those  above  described.  Samples  were 
collected  from  only  one,  the  Roosevelt  claim,  about  IJ  miles  below 
Huntley^s  ranch.  Hero  only  a  small  beginning  at  prospecting  had 
been  made,  and  the  evidences  of  nitrate  deposits  were  not  as  abun- 
dant as  at  the  Abbie  and  Dorothy  claims.  Both  the  loosely  aggre- 
gated nitrate  and  the  more  firmly  aggregated  fibrous  mineral  were 
present,  however,  and  samples  of  each  were  collected  for  analysis. 
The  samples  were  taken  from  the  Une  of  contact  of  the  soil  with  the 
base  of  the  cliff,  by  scraping  away  the  soil.  The  nitrate  deposit  on 
qualitative  analysis  proves  to  be  somewhat  less  pure  than  those 
already  described,  consisting  of  some  potassium  nitrate  with  admix- 
tures of  magnesium  and  sodium  sulphates.  The  accompanying 
fibrous  mineral,  which  showed  no  reaction  with  the  match  flame, 
contains  magnesium  sulphate,  sodium  chloride  (common  salt),  and 
sodium  nitrate. 

At  the  same  locality  there  was  in  places  a  pronoxmced  red  incrus- 
tation on  the  rock  that  had  a  pungent  taste.  A  sample  of  this  sub- 
stance was  collected  and  submitted  to  qualitative  analysis.  The 
soluble  portion  was  found  to  consist  essentially  of  sodium  chloride 
and  potassiiim  nitrate,  with  some  calcium  nitrate  and  sodium  sul- 
phate. The  insoluble  portion  of  the  coating  was  found  to  consist 
essentially  of  iron  oxide  (FejOj)  with  small  amounts  of  the  carbo- 
nates of  calcium  and  magnesium. 
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Perhaps  half  a  mile  below  the  Koosevelt  claim  cracks  in  the  face 
of  the  cliff  contain  common  salt  in  somewhat  greater  abmidance 
than  at  the  localities  previously  noted.  This  spot  has  been  discov* 
ered  by  cattle  and  horses  that  range  in  the  vicinity  of  the  canyon, 
as  shown  by  the  accumulation  of  manure  at  that  place. 

About  3i  miles  below  Huntley's  ranch,  at  the  foot  of  the  canyon 
wall,  on  the  east  side  of  the  canyon,  there  is  a  small  spring.  The 
temperature  of  the  spring  appears  to  be  only  slightly  if  at  all  above 
normal.  The  waters  that  supply  the  spring  and  seep  from  neigh- 
boring cracks  are  sufEciently  charged  with  soluble  salts  to  produce 
by  evaporation  a  thin  incrustation  upon  the  adjacent  rocks  and 
also  on  bowlders  in  the  bed  of  Sucker  Creek  for  a  short  distance 
above  and  below  the  spring.  The  water,  though  slightly  saline, 
is  not  unpleasant  to  the  taste  and  in  moderate  amounts  at  least 
appears  to  produce  no  unpleasant  effects  after  drinking.  A  small 
sample  of  the  contained  salts  was  obtained  by  scraping  away  with 
a  knife  some  of  the  incrustation  in  the  immediate  vicinity  of  the 
spring.  This  powdery  white  substance  fluxed  readily  in  the  match 
flame,  but  gave  no  suggestion  of  the  presence  of  a  nitrate.  On  quali- 
tative analysis  it  proved  to  consist  essentially  of  sodiiun  sulphate 
with  some  magnesium  sulphate. 

The  conditions  in  the  canyon  of  Jump  Creek,  10  miles  east  of 
Sucker  Creek,  are  similar  in  the  main  to  those  along  Sucker  Creek. 
The  walls  of  the  canyon  are  formed  of  weathered  and  pinnacled 
rhyohte  with  cavernous  recesses  at  the  bases  of  the  cliffs.  Lai^e 
bowlders  and  irregular  masses  of  rock,  which  have  fallen  from  the 
surroimding  cUffs,  obstruct  the  canyon  and  add  to  its  wildness  and 
picturesque  appearance.  Zones  of  shelly  rhyohte  with  coarse  scat-, 
tered  vesicles  occur  here,  as  on  Sucker  Creek.  The  caverns  show  a 
white  incrustation,  and  many  of  the  crevices  have  a  white  filling 
which  melts  but  does  not  biu:*n  or  sputter  in  the  match  flame.  A 
sample  of  this  salt  gathered  from  a  2-inch  zone  along  the  soil  line 
at  the  base  of  a  little  cavern  in  a  large  loose  piece  of  rhyohte  about 
a  quarter  of  a  mile  below  the  falls  proved  on  analysis  to  consist 
essentially  of  magnesium  and  sodium  sulphates  with  some  sodium 
chloride. 

Just  below  the  falls  there  is  a  ferruginous  zone  2  to  3  feet  wide 
along  which  and  to  the  north  of  which  the  rock  is  much  fractured. 
A  short  opening  has  been  made  in  this  ferruginous  zone,  and  on  the 
west,  where  the  rock  is  more  soUd,  an  old  tunnel  has  been  driven  in 
that  direction  some  60  feet.  Just  above  this  ferruginous  prospect 
and  in  the  fractured  rock  there  is  a  little  recess  that  has  been  deep- 
ened by  picking.  This  is  the  place  in  which  Mr.  SulUvan  made  the 
first  nitrate  discovery  in  the  district.  The  nitrate  material  seems 
to  have  been  entirely  exhausted,  but  the  crevices  contain  a  white. 
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coarsely  fibrous  or  prismatic  crystalline  salt  in  veinlets  one-eighth 
to  three-fourths  of  an  inch  wide,  with  a  strong  puckery  taste,  resem- 
bling that  of  alimi.  A  qualitative  test,  however,  fails  to  show  the 
presence  of  any  significant  amount  of  potassium,  while  aluminum, 
magnesium,  and  sodiimi  are  present  in  abimdance.  The  substance 
is  essentially  a  combination  of  the  sulphates  of  the  three  last-named 
elements. 

ANALYSES. 

In  order  to  get  general  information  about  the  character  of  the 
samples  from  the  Homedale  district,  a  series  of  qualitative  tests 
was  first  made.  On  the  evidence  afforded  by  these  tests  a  selection 
was  made  of  two  samples  of  the  nitrate  which  were  regarded  as  rep- 
resentative of  the  group,  and  these  were  subjected  to  quantitative 
analysis.  The  results  of  some  of  the  qualitative  analyses  have  been 
mentioned  above,  but  all  these  analyses  are  given  on  page  26  in 
tabular  form  for  comparison  and  convenience  of  reference. 

10427**— Bull.  620—16 3 
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Complete  quantitative  analyses  were  made  of  two  of  the  samples, 
Nos.  S.  C.  3  and  S.  C.  4,  and  a  determination  of  the  nitric  acid  in 
sample  S.  C.  6  was  made.  The  results  of  these  analyses  are  given  in 
the  following  table: 

Analyses  of  samples  o/nitraUsfrom  Sucker  Creeky  sees.  20  and  29 y  T,  24  8,fR.4SE., 

Willamette  meridian^  Oreg. 


[R.  K.  BaUey,  analyst.] 

S.  C.3 
(Dorothy  claim). 

8.  C.4 
(Abbie  claim). 

S.C.6 
(Roosevelt  claim). 

a 

a09 

19.39 

None. 

None. 

None. 

47.25 

31.13 

.39 

.14 

1.61 

a  18 

4.62 

None. 

None. 

None. 

59.91 

13.74 

19.75 

.03 

L77 

8O4 •. 

HCOt 

CO| 

B0» 

NOj 

73.75 

Na 

K 

Mg 

S.. .:::::::::;:::::::::::::;:::::::::::::: 

100.00 
90.50 

100.00 
98.06 

Soluble  portion  (per  cent  of  dry  sample) 

On  the  assumption  that  the  NO,  in  sample  S.  C.  3  is  practically  all 
combined  with  the  Na,  it  is  computed  that  the  soluble  portion  of  the 
dry  sample  contains  64.7  per  cent  NaNOj  (sodium  nitrate),  equivalent 
to  58.5  per  cent  sodium  nitrate  in  the  entire  sample. 

On  the  assumption  that  all  the  NO,  in  sample  S.  C.  4  is  combined 
with  the  K  or  Na,  although  a  small  amoimt  may  be  combined  with 
the  Ca,  it  is  computed  that  the  soluble  portion  of  the  dry  sample 
contains  50  per  cent  E^O,  (potassium  nitrate)  and  40.6  per  cent 
NaNOg  (sodium  nitrate),  or  90.6  per  cent  total  nitrates,  equivalent  to 
88.8  per  cent  of  the  entire  sample. 

In  sample  S.  C.  6  the  other  constituents  besides  the  NO,  were  not 
determined,  but  from  the  combining  weights  of  the  elements  con- 
cerned and  the  qualitative  analysis  given  on  page  26  it  is  assumed 
that  the  nitrates  are  in  the  form  of  sodium  nitrate  with  probably 
magnesium  or  calcium  nitrates  and  little  if  any  potassium  nitrate. 
The  total  nitrates  probably  exceed  90  per  cent. 

Samples  S.  C.  4  and  S.  C.  6  compare  favorably  with  the  best 
grades  of  nitrate  reported  from  various  western  sources.  They  rep- 
resent, however,  selected  material  from  their  respective  localities. 
Sample  S.  C.  3  is  more  nearly  representative  of  the  character  of  the 
deposit  as  a  whole,  because  it  contains  a  higher  percentage  of  the 
sulphates  which  are  present  in  each  of  the  localities  examined.  In 
any  attempt  to  work  the  deposit  on  a  commercial  scale  it  would  be 
difficult  if  not  impracticable  to  separate  the  nitrates  from  the  sul- 
phates that  occur  in  the  same  and  adjacent  veinlets,  so  that  it  is 
probable  that  an  average  lot  of  the  material  from  the  entire  Home- 
dale  district  would  not  run  higher  than  the  58.8  per  cent  sodium 
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nitrate  of  the  dry  sample  S.  C.  3  and  it  might  even  nm  lower.  This 
figure,  however,  is  higher  than  that  for  the  better  grades  of  saltpeter 
mined  in  Chile.     (See  p.  40.) 


SOIiDIER  DEPOSIT. 


MODE  OF  OGCTTBRENCE. 


A  number  of  samples  of  nitrate  salts  with  accompanying  pieces  of 
country  rock  from  a  locality  described  as  9  miles  east  of  Soldier, 
Idaho,  and  9  miles  north  of  the  railroad,  have  recently  been  sent  to 
the  Geological  Survey  by  Mr.  John  Finch.  Soldier  is  in  Blaine 
County,  in  T.  1  N.,  R.  14  E.  Boise  meridian.     (See  fig.  2,  index  map.) 

The  country  rock  is  a  rhyolite,  which  in  thin  section  under  the 
microscope  appears  much  like  the  rhyolite  at  Homedale,  except  that 
it  is  somewhat  more  glassy  and  badly  weathered.  The  rhyoUte  speci- 
mens show  the  same  tendency  to  spheruhtic  texture  and  sheUy  struc- 
ture that  is  possessed  by  the  Homedale  rock.  The  nitrate  salts  occur 
in  depressions  or  small  cavities  in  the  rhyohte,  and  also  impregnate 
the  soil  in  certain  places,  probably  at  the  bases  of  cUffs,  as  at  Home- 
dale.  No  examination  of  this  locality  has  yet  been  made  by  the 
Geological  Survey,  but  a  study  of  the  samples  suggests  that  the  mode 
of  occurrence  of  the  nitrate  near  Soldier  is  similar  to  that  near  Home- 
dale.  According  to  Mr.  Finch  there  is  a  considerable  quantity  of  the 
material  readily  accessible. 

ANALYSES. 

The  samples  from  Soldier  had  broken  loose  in  the  sack  in  transit 
and  had  mingled  to  a  certain  extent.  Four  lots  were  selected,  how- 
ever, for  qualitative  analysis,  and  the  results  of  the  analyses  are  given 
in  the  following  table: 

Qualitative  analyses  of  specimens  of  niter  from  a  locality  near  Soldiery  Idaho. 


No. 

CI. 

SO4. 

COi. 

NO,. 

K. 

Na. 

Ca. 

Mg. 

Essential  composition. 

1... 
2... 
3 

Trace. 

...do... 

None . 

Trace. 

None . 

Some. 

None. 

...do... 

None . 
...do... 
...do... 
...do... 

Much. 
...do... 
...do... 
...do... 

Ifuch. 
...do... 
...do... 
...do... 

Fair.. 

...do... 

Some. 

Some. 
...do... 

Very  little 

do... 

KNOs.    some   NaNQi, 

and  Ca(NOB}^ 
KNOt,    with    some 

Nfl^OiandCa<NOs)i. 
KNOi. 

4... 

Fair.. 

Some. 

Small  amount 

Same  as  Nos.  1  and  2. 

1.  Finer  material,  inclosed  in  paper  sack,  more  or  less  distinct  from  the  other  samples. 

2.  Finer  material,  that  came  loose  in  large  sack  containing  all  the  samples. 

3.  Filling  dug  out  of  cavity  on  side  of  large  piece  of  rock. 

4.  Nitrate  from  a  pocket  on  side  of  a  large  rock  specimen. 

The  Soldier  deposits,  so  far  as  represented  by  the  samples  examined, 
appear  to  be  largely  free  from  chlorides  and  sulphates,  and  to  consist 
mainly  of  potassium  nitrate,  with  less  amounts  of  sodium  and  calcium 
nitrates.    It  was  not  deemed  advisable  to  make  expensive  quantitar 
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tive  determinations  of  the  material  submitted  because  of  the  condi- 
tion of  the  samples  and  the  lack  of  definite  knowledge  regarding  their 
field  relations. 

EXTENT  AND  VOLUME  OF  THE  NITRATES. 

The  Jump  Creek  deposit  lies  about  10  miles  east  of  the  Sucker  Creek 
locality.  According  to  Mr.  SulUvan,  indications  of  nitrate  deposits 
occur  between  these  two  places,  and  have  been  found  by  others  as 
far  as  150  mUes  to  the  west  of  Sucker  Creek,  but  the  showing  at 
Sucker  Creek  is  better  than  that  farther  west.  Soldier,  Idaho,  is 
about  120  miles  east  of  the  Sucker  Creek  locality.  The  occurrences 
of  the  nitrates  above  mentioned  are  all  associated  with  rhyolites. 
Nitrate  deposits  in  rhyohtes  occur  at  several  places  in  Nevada  and 
Utah.*  The  rhyolites  seem  to  be  widely  distributed  and  to  carry 
niter  in  many  places,  though  niter  is  by  no  means  confined  to  rhyo- 
litic  rocks.  The  Homedale  district  is  therefore  probably 'only  a  part 
of  a  much  larger  niter-bearing  area,  in  which  locally,  as  at  Sucker 
Creek,  the  niter  occurs  in  notable  amounts. 

The  mode  of  occurrence  of  the  nitrate  in  the  Homedale  district 
is  described  on  pages  20-25.  The  little  veinlets  that  contain  the 
nitrate  form  only  a  small  part  of  the  whole  mass  in  the  zones  where 
the  nitrates  occur — ^probably  not  more  than  1  per  cent — and  the 
same  veinlets  carry  other  substances  than  nitrates,  as  is  shown  by 
the  analyses.  When  the  rock  fragments  are  picked  down  from  the 
cliff  face  at  any  of  the  prospects  described,  fresh  veinlets  are  exposed, 
similar  in  character,  number,  and  thickness  to  those  previously 
foimd.  How  far  into  the  rock  this  condition  continues  it  is  impos- 
sible to  say  from  present  data,  as  none  of  the  prospects  have  pene- 
trated more  than  3  or  4  feet  from  the  chff  face.  The  present  evi- 
dence does  not  preclude  the  possibihty  of  finding  an  increase  in  the 
size  and  number  of  the  nitrate-bearing  veinlets,  or  perhaps  even 
large  veins,  when  the  rock  is  opened  further.  There  seems,  how- 
ever, little  likeUhood  of  any  marked  increase  in  richness  within  the 
interior  of  the  rock  mass.  On  the  contrary,  it  appears  more  probable 
that  the  richest  parts  of  the  deposit  are  those  already  exposed  in  the 
faces  and  along  the  bases  of  the  cliffs  and  that  the  material  will  be 
foimd  to  grow  gradually  leaner  and  perhaps  to  disappear  altogether 
as  the  rock  is  penetrated.  Whatever  may  have  been  the  mode  of 
origin  of  the  material,  it  probably  owes  its  present  position  to  the 
action  of  percolating  waters  on  the  one  hand  and  to  evaporation  on 
the  other.  On  that  supposition  the  concentration  of  the  deposit 
would  naturally  be  greatest  at  or  near  the  surface,  where  evapo- 
ration takes  place.  However,  no  positive  statement  can  be  made 
until  more  work  has  been  done  in  opening  the  veinlet-bearing  zones, 
both  laterally  and  vertically. 

^  a  ale,  H.  S.,  Nitrate  deposits:  U.  S.  Geol.  Survey  Bull.  523,  pp.  16-25, 1912. 
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OTHER  SALTS  OF  THE  HOMEDALE  DISTRICT. 

DISTBIBT7TION  AND  GEOLOGIC  BEIiATIONS. 

In  sees.  11  and  12,  T.  23  S.,  R.  46  E.  of  the  Willamette  meridian, 
Oregon  (see  fig.  2),  east  of  Sucker  Creek,  there  is  a  group  of  low 
rounded  hills,  some  of  which  are  bare  of  vegetation  and  are  covered 
with  dried  clay  comminuted  into  tiny  angular  fragments  that  are 
easily  scraped  aside  by  the  foot.  From  4  to  6  inches  below  the  sur- 
face there  is  a  white  salt  that  is  efflorescent  and  dried  in  the  upper  3 
or  4  inches  but  damp  and  coarsely  crystalline  below  and  2^  feet  or 
more  thick.  This  material  is  somewhat  impregnated  by  clay  and  is 
exposed  in  a  group  of  prospect  pits  which  have  been  opened  to  a 
depth  of  2  to  3  feet.  The  material  exposed  beneath  the  salt  bed  is  a 
fine  massive  drab  clay.  A  placer  claim  of  120  acres,  called  the 
American  placer,  has  been  located  on  these  deposits  by  the  American 
FertiUzer  Co.  Samples  of  the  efflorescent  salt  and  of  the  unmodified 
salt  were  collected  for  analysis. 

On  Jump  Creek,  west  of  the  McQoud  ranch,  there  is  a  series  of 
three  low,  roimded  barren  knolls  just  outside  of  the  canyon.  These 
knoUs  have  been  taken  up  as  saUne  deposits  by  D.  J.  Sullivan  and 
others  under  the  name  Claytonia  claims.  Qaytonia  claim  No.  1 
was  visited  by  the  writer  in  company  with  Mr.  SulUvan.  Its  loca- 
tion with  reference  to  established  land  aiu'veys  was  not  known  at  the 
time  oi  the  visit,  as  it  had  not  then  been  surveyed.  Its  approximate 
location  is  shown  in  figure  2.  The  saline  deposit  here  is  similar  in 
character  and  mode  of  occurrence  to  the  American  placer,  described 
above.  At  the  Claytonia  No.  1  there  is  a  prospect  about  8  feet  long, 
5  feet  wide,  and  4  feet  deep  at  which  the  following  section  was 
measured: 

Section  at  Claytonia  No,  1  claimy  Jump  Creek,  Idaho, 

Ft.     in. 

Clay,  drab,  broken,  gypsiferous 5 

Salt  deposit,  damp,  sugary,  coarsely  crystalline,  white  and  efflo- 
rescent in  upper  2  or  3  inches 10± 

Sand,  yellow,  fine,  saline,  gypsiferous 4 

Sand,  gray,  fine,  powdery,  with  ferruginous  streaks  near  base, 

gypsiferous 1      6 

Gypsum  seam 2 

Clay,  gray,  compact,  gypsiferous  to  bottom  of  cut 1      6 

4      9 

Samples  of  the  salt  and  the  two  sandy  zones  beneath  were  taken 
for  analysis.  According  to  Mr.  Sullivan,  these  deposits  continue 
more  or  less  intermittently  outside  the  hiUs  and  up  Sucker  Creek  as 
far  as  Huntley's  ranch. 
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As  mapped  by  Drake,*  the  above-mentioned  deposits  fall  in  the 
group  of  later  lake  beds — the  Idaho  formation,  of  Pliocene  age — that 
occupies  the  Snake  River  valley  and  regions  east  of  the  Owyhee 
Range  up  to  elevations  of  3,000  feet.  The  Idaho  formation  is  de- 
scribed in  general  terms  as  less  indurated  than  the  Payette  formation 
(earlier  lake  beds),  and  as  consisting  of  very  soft,  brilliantly  white 
sandstones,  changing  in  places  to  compact  gypsiferous  clay.  In  a 
few  places  gravel  and  fluviatile  sand  are  also  present.  The  following 
section  is  given  for  a  point  in  a  bluflf  not  far  from  the  Clay tonia claims: 

Section  of  bluff  S  miles  west  of  Snake  River ^  north  of  Squaw  Creek j  Idaho. 

Feet. 
At  top,  sand  and  gravel,  probably  Pleistocene,  resting  on  the  lake 

beds 14 

Exceedingly  well  and  evenly  stratified  light-gray  to  buff  clay,  in 
thin  beds  and  interbedded  with  many  thin  streaks  of  gypsum 
and  gypsiferous  sand 190 

At  the  American  placer  the  saline  deposits  seem  to  follow  the  con- 
tour of  the  hill.  No  bedding  other  than  the  line  between  the  salt 
deposit  and  the  underlying  clay  was  observed  in  the  prospects  exam- 
ined. The  impression  gained  here  was  that  the  deposit  was  of  sec- 
ondary character,  formed  by  capillary  activity  of  impregnated 
waters  and  evaporation.  At  the  Claytonia  No.  1  claim  bedded  sands 
and  clays  were  observed  beneath  the  saline  deposit.  Though  the 
surface  appearance  and  the  character  of  the  two  deposits  are  much 
alike,  the  bedding  relations,  so  far  as  observed,  suggest  that  the 
Claytonia  deposit  may  be  primary,  having  been  originally  deposited 
with  the  other  sediments.  A  more  extended  examination  of  the 
region  is  needed  before  a  final  decision  as  to  the  primary  or  secondary 
nature  of  the  deposits  can  be  made. 

ANALYSES. 

Qualitative  analyses  of  the  five  samples  collected  from  the  two 
localities  were  made,  and  are  given  on  page  26  under  the  numbers 
S.  C.  8a,  8b,  9,  9a,  and  9b.  The  deposits  appear  to  consist  essentially 
of  sodium  and  magnesium  sulphates,  with  more  or  less  sodium 
chloride — in  other  words,  of  a  mixture  of  Glauber's  and  Epsom  salts 
with  common  salt.  The  fact  that  practically  all  the  deposit  efflo- 
resces to  a  white  powder  on  exposure  to  the  drying  action  of  the  air 
indicates  that  little  if  any  of  the  material  is  in  the  form  of  the  mineral 
blcedite,  a  hydrous  sulphate  of  sodium  and  magnesium,  for  this 
mineral  does  not  alter  on  exposure  to  the  air  like  the  crystals  of 
hydrous  sodium  sulphate.  It  was  not  deemed  advisable  at  this  time 
to  incur  the  expense  of  quantitative  determinations  of  the  samples. 

1  Lind^ren,  Waldemar,  and  Drake,  N.  F.,  U.  S.  Geol.  Survey  Oeol.  Atlas,  Silver  City  folio  (No.  104),  1904. 
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UTILIZATION  OF  THE  NITRATES. 

It  has  been  pointed  out  in  connection  with  the  Homedale  deposit 
that  the  veinlets  which  contain  the  niter  and  associated  salts  form  a 
very  small  percentage  of  the  rock  mass  in  the  niter-bearing  zones. 
If  it  were  practicable  to  leach  the  rock  and  remove  the  soluble  salts 
without  handling  the  rock  itself,  something  might  be  done  commer- 
cially with  the  niter.  From  the  constitution  of  the  country  rock, 
however,  it  seems  that  little  could  be  done  without  moving  a  rela- 
tively large  amoimt  of  the  rock.  The  cost  of  these  operations  and  the 
necessary  equipment,  together  with  the  uncertainty  regarding  the 
continuation  of  the  deposits  within  the  rock  mass,  would  seem  to 
allow  little  hope  of  successful  commercial  development. 

The  Homedale  and  Soldier  deposits  may  be  taken  as  types  of 
material  from  localities  in  many  parts  of  the  country,  ranging  all  the 
way  from  Oregon  to  Texas,  from  which  specimens  have  lately  been 
received  by  the  Geological  Survey.  The  niter  occurs  on  the  surface 
and  in  cracks,  forming  in  places  rich  veins  in  considerable  quantity, 
but  at  no  place  yet  examined  has  this  superficial  material  seemed  to 
lead  to  deposits  extensive  enough  to  have  commercial  value.  Inves- 
tigations should  be  continued  in  the  hope  that  a  commercially  valuable 
deposit  may  be  found.  At  the  present  time,  however,  the  outlook  is 
not  very  promising. 

UTILIZATION  OF  THE  SULPHATES. 

An  account  of  certain  deposits  of  sodium  sulphate  and  the  market 
conditions  affecting  them  has  recently  been  given  by  Gale.^  There 
is  at  present  no  considerable  market  for  sodium  sulphate,  or  what  is 
known  in  trade  as  ''salt  cake,"  which  is  the  product  of  the  first  step 
in  the  Le  Blanc  process  for  the  manufacture  of  sodium  carbonate 
from  sodium  chloride.  In  this  process  salt  cake  is  produced  by  the 
decomposition  of  sodium  chloride  with  sulphuric  acid,  hydrochloric 
acid  being  a  valuable  by-product.  At  present,  however,  the  Le 
Blanc  process  has  been  almost  entirely  displaced  by  the  ammonia 
process  for  the  manufacture  of  soda,  at  least  in  the  United  States. 
Glauber's  salt'  (Na3SO4.10H,O)  is  manufactured  for  a  few  purposes, 
chiefly  for  medicinal  use  and  for  freezing  mixtures.  A  considerable 
quantity  is  obtained  from  the  residuals  of  the  Stassfurt  salts.  In 
the  manufacture  of  practically  all  qualities  of  glass,  except  lead  glass, 
salt  cake  is  superior  to  soda  ash  because  it  is  cheaper  per  unit  of 
alkali  and  because,  owing  to  the  higher  temperature  at  which  the  glass 
furnaces  work  when  using  salt  cake,  a  higher  percentage  of  sihca  can 

1  Gale,  H.  S.,  Sodium  sulphate  In  the  Carrizo  Plain,  San  Luis  Obispo  County,  Gal.:  U.  S.  Geol.  Survey 
Bull.  640,  pp.  428-133,  1914. 
*  Thorpe,  E.,  Dictionary  of  applied  chemistry,  vol.  6,  pp.  21, 27,  581, 1913. 
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be  used,  thus  again  cheapening  the  cost  and  also  producing  a  harder 
and  more  durable  glass.  Sodium  sulphate  is  also  used  in  the  manu- 
facture of  ultramarine,  which  in  turn  has  a  wide  use  in  a  variety  of 
manufactures  because  of  its  brilliancy  as  a  body  color  and  its  high 
coloring  power.  Sodium  sulphate  is  also  used  in  the  general  proc- 
esses of  dyeing  and  coloring.  Quotations  on  sodium  sulphate  in 
current  trade  journals  range  from  55  to  65  cents  per  100  pounds  for 
glassmaker's  salt  cake  and  60  to  75  cents  per  100  pounds  for  Glauber's 
salt  in  barrels.    This  is  equivalent  to  $11  to  $15  a  short  ton. 

Magnesium  sulphate  is  the  piu-gative  principle  of  many  bitter  spring 
waters  and,  as  Epsom  salts,  has  a  considerable  use  in  medicine.  It  is 
also  used  in  warp  sizing  and  weighting  in  cotton  mills.  The  mag- 
nesium sulphate  of  commerce  is  derived  chiefly  from  the  kieserite 
(MgSO^  +  HaO)  of  Stassfurt.  It  is  also  manufactured  to  some  extent 
in  the  United  States  from  magnesite  and  dolomite.  There  is  at 
present  no  large  market  for  magnesium  sulphate.  Quotations  on 
Epsom  salts  in  current  trade  journals  range  from  1  to  1^  cents  a 
pound  in  bags  or  barrels.  This  is  equivalent  to  $20  to  $30  a  short 
ton. 

In  view  of  the  present  moderate  or  slight  demand  for  the  sidphates 
of  sodium  and  magnesium  and  the  fact  that  this  demand  is  largely 
met  in  by-products  derived  from  the  manufacture  of  soda  and  potash 
salts,  there  seems  little  likelihood  of  the  development  on  a  commer- 
cial scale  of  mixed  deposits  such  as  those  near  Homedale  unless  they 
should  prove  to  be  present  in  much  greater  abundance  than  now 
seems  probable.  There  is  probably  not  enough  sodium  chloride  in 
the  deposits  to  warrant  their  development  as  a  source  of  common 
salt. 

GEOGRAPHY  AND   GEOLOGY  OF  THE  HOMEDALE 

REGION. 

PREVIOUS  WORK. 

Land  surveys  of  the  entire  district  discussed  in  this  report  have 
been  made,  and  plats  of  the  several  townships  are  on  flle  in  the 
General  Land  Office,  Washington,  D.  C.  A  large  part  of  this  work 
is  relatively  recent,  the  dates  of  the  surveys  ranging  from  1878  to 
1914. 

Much  of  the  area  has  been  included  in  topographic  surveys  by  the 
Geological  Survey  and  three  maps,  covering  the  Nampa  and  Silver 
City  quadrangles,  Idaho,  and  the  Mitchell  Butte  quadrangle,  Greg., 
have  been  issued.  The  junction  point  of  the  three  quadrangles  lies  in 
latitude  43°  30'  N.,  longitude  117°  W.,  about  9  miles  S.  25°  W.  of 
Homedale. 
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The  entire  district  has  been  discussed  by  Russell  *  in  earlier  reports 
of  the  Geological  Survey,  but  these  were  reconnaissance  reports  that 
covered  a  broad  area,  so  that  they  furnish  few  details  bearing  directly 
on  the  nitrate  district.  The  particular  object  of  Russell's  work  was 
the  investigation  of  ground-water  conditions,  but  it  throws  consider- 
able light  on  the  general  geology  of  the  region  as  a  whole. 

Parts  of  the  district  and  some  adjacent  regions  have  been  made 
the  subject  of  more  detailed  geologic  surveys.  The  Nampa  and  Sil- 
ver City  folios  of  the  Geologic  Atlas '  issued  by  the  Siu'vey  contain 
many  details  relating  to  the  geology  of  the  eastern  part  of  the  area, 
and  much  of  this  information  is  directly  appUcable  to  the  unmapped 
western  part.  Oil  and  gas  investigations  have  also  been  undertaken 
by  the  Survey  in  regions  adjacent  to  the  nitrate  district. ' 

GEOOBAPHY. 
LOCATION   AND  ACCESSIBILITY. 

Homedale  lies  in  the  northwestern  part  of  Owyhee  County,  Idaho, 
on  Snake  River  near  the  State  line.  A  branch  railroad  connects  it 
with  Nyssa,  Oreg.,  a  junction  point,  20  miles  to  the  north,  on  the 
Oregon  Short  Line  Railroad.  Stage  connections  are  maintained 
with  Caldwell,  Idaho,  also  on  the  Oregon  Short  Line  Railroad,  about 
12  miles  in  a  direct  line  N.  75°  E.  from  Homedale.  Although  more 
or  less  mining  has  been  done  in  the  hills  bordering  the  Snake  River 
valley  in  this  region,  the  interest  of  the  valley  towns,  including  Home- 
dale,  is  chiefly  agricultural,  and  water  is  available  through  several 
irrigation  projects.  Homedale  lies  in  the  Gem  irrigation  district.  At 
the  time  of  the  writer's  visit  the  town  comprised  about  280  voters, 
including  both  sexes. 

George  D.  Huntley's  ranch,  near  which  the  nitrate  deposits  of 
Sucker  Creek  were  first  foimd,  is  in  the  SE.  J  SE.  }  sec.  29  and  the 
NE.  J  NE.  I  sec.  32,  T.  24  S.,  R.  46  E.  Willamette  meridian,  in 
Malheur  County,  Oreg.  Huntley's  ranch  has  recently  been  sold  to 
D.  J.  Sullivan.  This  part  of  the  district  is  not  included  in  the  quad- 
rangles named  above  but  lies  4  or  5  miles  west  of  the  Silver  City 
quadrangle. 

A  preliminary  railroad  survey  along  Sucker  Creek  to  the  southwest 
and  south  from  Homedale  has  already  been  made.  In  the  event  of 
the  completion  of  this  railroad  the  agricultural,  grazing,  and  mineral 
lands  of  the  district  will  be  readily  accessible  from  the  main  line  to 
the  north. 

>  Russell,  I.  C,  U.  S.  Geol.  Survey  Bull.  199, 217, 2S2;  Water-Supply  Paper  78. 

>  Lindgren,  Waldemar,  and  Drake,  >f.  F.,  U.  S.  Qeol.  Survey  Qeol.  Atlas,  Nampa  folio  (No.  103);  Silver 
City  folio  (No.  104),  1904. 

>  Washbume,  C.  W.,  Oas  and  oil  prospects  near  Vale,  Oreg.,  and  Payette,  Idaho:  U.  S.  Geol.  Survey 
'  Ul.  431,  pp.  26-57, 1911. 
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TOPOGRAPHY. 

• 

The  hills  south  of  Snake  River  in  this  district  are  the  lower  foot- 
hills of  the  north  end  of  the  Owyhee  Range.  The  country  here  is 
essentially  a  submaturely  dissected  high  plain  that  slopes  gently 
northward  and  is  underlain  by  lavas  with  associated  tuffs  and  lake 
beds.  Flat-topped  strips  of  hills  with  intervening  valleys  extend 
generally  north  or  northeast.  Where  the  valleys  are  cut  in  tuffs  or 
lake  beds  they  broaden,  but  where  they  encounter  massive  sheets  of 
lava  they  form  sharp-featured  canyons  with  precipitous  or  even  over- 
hanging walls  250  to  300  feet  high.  The  highest  land  in  the  part 
of  the  district  examined  does  not  much  exceed  4,700  feet,  and  the 
lowest  elevation,  where  Snake  River  leaves  the  district,  is  a  little  less 
than  2,200  feet,  so  that  the  maximum  reUef  is  about  2,500  feet. 
Some  of  the  deeper  canyons  not  included  in  the  district  have  walls 
that  rise  steeply  from  1,000  to  1,800  feet  in  height. 

In  the  immediate  vicinity  of  Snake  River  and  for  8  miles  or  more 
to  the  south  the  country  is  nearly  flat.  It  has  an  elevation  of  2,300 
to  2,400  feet  and  rises  gently  to  2,500  feet  at  the  base  of  the  hills. 
Near  the  river  the  surface  soil  is  sandy,  but  a  mile  or  two  back  from 
the  river  the  surface  is  covered  with  a  fine-textured,  compact  whitish 
soil  that  in  the  roads  is  cut  into  a  fine*,  impalpable  dust  2  to  6  inches 
deep.  When  wet  this  dust  is  transformed  into  a  sticky  mud  that 
cakes  wheels  and  impedes  travel. 

DRAINAGE. 

All  the  drainage  of  this  district  is  tributary  to  Snake  River,  which 
flows  through  the  northern  part.  The  volume  of  the  Snake  varies 
with  the  season,  being  highest  in  June  and  lowest  sometime  in  the 
winter  or  early  in  the  spring.  The  flow  probably  ranges  from  about 
8,000  second-feet  at  the  low  stage  to  about  40,000  second-feet  at  the 
high  stage.  The  river  at  Homedale  flows  between  bluffs  about  30 
feet  high,  at  a  grade  of  about  5  feet  to  the  mile.  The  river  here  is 
probably  still  eroding  its  channel,  for  low-lying  islands  in  the  vicinity 
of  Homedale  are  seldom  flooded. 

In  the  district  under  discussion  only  two  minor  streams  need  be 
mentioned.  These  are  Sucker  and  Jump  creeks.  Sucker  Creek  rises 
weQ  back  in  the  range  toward  Silver  City  and  flows  40  miles  or 
more  before  joining  the  Snake.  It  is  a  permanent  stream  of  small 
volume.  Jump  Creek  is  much  shorter,  and  its  waters  generally  sink 
in  the  plain  before  reaching  Snake  River. 

CLIMATE. 

This  part  of  the  Snake  River  vaUey  lies  in  the  arid  belt,  and  its 
climate  and  vegetation  are  closely  allied  with  those  of  the  Great 
Basin.    The  Pacific  meteorologic  influences  are  strongly  felt,  so  that 
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the  climate  is  comparatively  mild.  The  precipitation  is  somewhat 
greater  than  in  the  Great  Basin.  *  In  the  valleys  the  temperature 
may  exceed  100®  F.  for  a  few  days  in  summer;  in  winter  it  rarely 
sinks  to  0°  F.,  though  an  occasional  cold  wave  may  force  the  temper- 
ature considerably  below  zero  for  a  short  time.  At  Boise  the  mean 
annual  temperature  is  50®  to  53®  F.  The  winds  are  generally  from 
the  southwest,  but  are  seldom  very  strong.  They  often  carry  much 
dust. 

It  is  claimed  by  the  residents  of  Homedale  that  they  have  the 
least  rainfall  in  the  State.  The  normal  annual  rainfall  at  Nampa  is 
reported  to  be  10.06  inches.  Most  of  this  falls  between  September  1 
and  June  1  and  is  fairly  well  distributed  through  these  months.  In 
ordinary  winters  but  little  snow  falls  in  the  valleys,  and  this  does 
not  long  remain  on  the  ground.  In  the  hills  south  of  the  district 
the  rainfaU  is  somewhat  greater,  and  snow  may  linger  in  protected 
places  far  into  the  summer.     Springs  in  the  hills  are  numerous. 

VEGETATION  AND  INDUSTRIES. 

The  vegetation  is  scanty  and  is  mainly  sagebrush.  The  soil  is 
said  to  be  highly  productive  when  irrigated  and  to  be  adapted  for 
the  growth  of  fruits,  vegetables,  and  grain.  The  hills  support  many 
sheep  that  in  the  winter  are  fed  in  the  valley.  It  is  stated  that  some 
50,000  sheep  are  wintered  in  the  valley  in  the  vicinity  of  Homedale. 

GEOLOGY.' 
IGNEOUS   ROCKS. 

The  rocks  of  the  southern  part  of  the  district  are  massive  rhyohtes 
that  form  part  of  the  great  body  of  rhyohte  which  surrounds  the  cen- 
tral part  of  the  Owyhee  Mountains.  The  rhyohte  was  outpoured  in 
viscous  masses  over  uneven  surfaces,  so  that  its  thickness  varies,  but 
in  the  region  covered  by  this  report  it  is  about  1,500  feet  thick. 
When  fresh  the  rhyohte  is  characterized  by  rough  plateaus  bordered 
by  abrupt  and  rocky  bluflfs,  and  the  faces  of  many  of  the  cliflFs  pre- 
sent a  rough  columnar  structure.  In  the  canyons  curious  spires  and 
pinnacles  are  produced  by  differential  weathering.  Where  the  rhyo- 
hte is  softened  by  alteration  it  forms  sloping  ridges. 

The  appearance  of  the  rhyohte  is  similar  to  that  seen  in  most  of 
the  areas  of  that  rock  foimd  in  the  West.  The  rock  in  general  is 
compact,  hard,  and  very  resistant  to  weathering.  Its  color  is  gray- 
ish, greenish,  yellowish,  or  brownish  in  different  shades,  varymg 
greatly  and  abruptly.  Practically  all  the  varieties  belong  to  the 
structural  group  comprising  felsophyric  rhyohte.  These  rocks  are 
rich  in  silica  and  alkalies. 


1  See  U.  8.  Qeol.  Sorvey  Oeol.  Atlas,  Nampa  folk)  (No.  ia3)  and  Silver  City  folio  (No.  1(M),  19(M. 


NITRATE  DEPOSITS  IN  IDAHO  AND  OREGON.  37 

The  writer  has  examined  several  slides  of  the  rhyolite  from  Sucker 
Creek  in  the  vicinity  of  the  nitrate  deposits,  including  a  green  variety 
that  first  appears  in  the  canyon  about  3  miles  north  of  Huntley's 
ranch.  The  slides  all  showed  the  rock  to  be  rhyolite  of  the  usual 
type.  The  rhyolite  in  Sucker  Creek  is  marked  at  several  localities 
by  a  strongly  developed  flow  structure  that  is  steeply  inclined  or 
nearly  vertical,  with  brecciation  and  Jjie  development  of  folds.  (See 
Pis.  II,  III.) 

From  their  relations  to  the  lake  beds  which  are  in  part  derived 
from  them  and  overUe  them  the  rhyolites  are  believed  to  be  of 
Eocene  ago. 

Other  igneous  rocks,  both  earlier  and  later,  occur  in  the  region  to 
the  south  and  southeast  of  this  district,  but  they  have  little  bearing 
on  the  subject  of  this  report. 

SEDIMENTARY   ROCKS. 

The  sedimentary  rocks  of  the  district  are  Tertiary  lake  beds  and 
Quaternary  stream  deposits.  The  lake  beds  form  gently  sloping  pla- 
teaus of  almost  horizontally  bedded  sediments  which  by  various  fea- 
tures show  that  they  were  for  the  most  part  deposited  in  a  large  body 
of  fresh  water.  The  persistently  fine-grained  character  of  the  sedi- 
ments, the  absence  of  cross-bedding,  such  as  would  indicate  strong 
currents,  and  the  common  occurrence  of  gypsif  erous  sands  are  regarded 
as  evidence  of  lacustrine  origin.  Fluviatile  deposits  were  naturally 
formed  in  many  places  contemporaneously  with  the  recession  of  the 
lakes,  but  these  are  of  less  extent.  In  some  places  later  thin  basalt 
flows  are  intercalated  in  the  uppermost  lake  beds.  The  sediments  are 
predominantly  sandy  materials,  more  or  less  consolidated,  but  also 
with  subordinate  amounts  of  clay  and  volcanic  tuffs.  Gritty  sand- 
stones, generally  micaceous,  are  common.  Conglomerates  occur  also 
but  are  rarely  coarse.  They  consist  chiefly  of  granite  pebbles,  but  at 
some  places  rhyoUtic  and  basaltic  pebbles  are  found.  Silicified  wood 
and  opalized  wood  are  common.  In  many  places  the  lake  beds  are  of 
a  dazzHng  white  color,  but  the  clays  in  some  locaUties  are  decidedly 
yellow  and  in  others  brownish  or  greenish  brown.  The  brownish 
clays  are  usually  lignitic,  and  the  greenish-brown  clays  and  sands 
appear  to  be  in  part  basaltic  tuffs. 

Near  the  point  where  the  stage  road  from  Caldwell  to  Jordan  Valley 
crosses  Sucker  Creek,  near  the  State  Une,  at  an  elevation  of  4,800  feet, 
an  extensive  flora  was  found  in  horizontal  lake  beds  and  proved  to  be 
identical  with  that  of  the  Payette  formation  near  Boise.  The  flora  is 
referred  by  Klnowlton  to  the  upper  Eocene.  Occasionally  mammalian 
remains  are  also  found  in  the  lake  beds.  A  later  group  of  lake  beds 
in  the  Snake  River  valley,  which  show  different  petrographic  charac- 
ters and  a  later  fauna,  are  referred  to  the  Idaho  f ormation,  of  Pliocene 
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age.  These  beds  are  not,  however,  easily  differentiated  in  appearance 
from  the  older  beds. 

The  lake  beds  are  more  or  less  dissected  by  Sucker  Creek  and  other 
streams,  but  the  interstream  surfaces  have  not  been  generally  lowered. 

Quaternary  deposits  are  present  in  the  form  of  local  stream  fans 
that  spread  over  the  lake  beds  from  both  sides  of  the  range  in  a  thin 
sheet  of  angular  gravel  and  in  earlier  and  later  terrace  gravels  along 
the  Snake  River  valley,  extending  back  toward  the  hills.  These  de- 
posits merge  into  one  another  and  are  in  many  places  not  distinctly 
separable.  Recent  alluvium  forms  a  narrow  strip  along  the  present 
valley  bottom  of  the  Snake. 

STRUCTURE. 

The  rhyolites  and  lake  beds  dip  away  gently  from  the  granitic  core 
of  the  Owyhee  Range,  so  that  on  the  west  side  of  the  range,  where  the 
nitrate  field  lies,  the  dips  are  generally  westward  and  the  strike  some- 
what west  of  north.  In  some  localities  the  beds  are  horizontal  or 
only  slightly  inclined.  The  structure  of  the  distorted  beds  of  lava 
along  Sucker  Creek  near  Huntley's  ranch  is  regarded  as  a  feature  of 
the  original  outpouring  of  the  viscous  lava  rather  than  a  result  of 
subsequent  deformation.     (See  PI.  II.) 

There  appears  to  be  some  evidence  of  faulting  along  Sucker  Creek, 
however.  About  3  J  miles  north  of  Himtley's  ranch  brown  lake  beds 
on  the  east  side  of  the  canyon  lie  opposite  purplish  rhyoUte  on  the 
west  side  and  purplish-gray  rhyolite  on  the  east  side  lies  opposite 
green  rhyolite  on  the  west  side,  while  small  masses  of  green  rock  still 
cUng  to  the  vertical  or  overhanging  wall  on  the  east  side.  The  green 
rhyoUte  is  in  part  tuff aceous  and  bears  evidence  of  some  hydrothermal 
action. 

GEOLOGIC   HISTORY. 

According  to  Lindgren  and  Drake  *  an  early  Tertiary  epoch  of 
erosion  was  followed  by  outbursts  of  rhyoUte  and  basalt  and  the 
deposition  of  the  lake  beds  composing  the  Payette  formation,  which 
near  the  margins  of  the  basin  had  a  probable  thickness  of  about  2,000 
feet.  The  Payette  formation  is  probably  of  Eocene  age.  The  depo- 
sition of  the  Payette  beds  was  followed  by  an  apparently  short  and 
active  epoch  of  erosion  during  which  the  rivers  cut  down  through  the 
lake  beds  to  the  same  depth  that  they  have  to-day.  Causes  not  yet 
known  checked  this  erosion  and  produced  a  lake  of  smaller  dimensions 
and  shallower  depth  than  the  Payette  lake.  In  this  the  beds  of  the 
Idaho  formation  with  their  PUocene  fauna  were  deposited. 

^ ,  - — ^ 

i  U.  B.  Oed.  Surrey  Ged.  Atlas,  Silver  City  foUo  (No.  104)  1904. 
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The  draining  of  this  lake  is  considered  to  have  closed  the  Tertiary 
period.  Since  then  the  region  has  been  dry  land,  and  slow,  frequently 
checked  erosion  has  cut  into  the  lake  beds  and  deposited  the  material 
in  extensive  areas  of  Quaternary  sand  and  gravel. 

NITRATE  DEPOSITS  IN  GENERAIi. 

The  subject  of  nitrates  with  special  reference  to  deposits  in  the 
United  States  has  been  reviewed  by  H.  S.  Gale.^  Nitrate  salts  are 
widely  distributed  in  several  forms.  They  are  found  in  all  fertile 
soils  in  small  amounts,  and  it  has  recently  been  argued  that  they 
occur  in  sedimentary  rocks  from  which  certain  soils  have  been 
derived.*  The  nitrate  salts  thus  distributed  are  not  considered 
recoverable  for  commercial  use  except  under  some  unusual  condi- 
tion. They  are  also  found  in  more  concentrated  form  in  arid  climates 
as  in  the  well-known  extensive  deposit  in  Chile,  the  so-called  ''niter 
spots"  of  Colorado  and  Utah,  and  other  scattered  deposits  in  arid 
portions  of  the  West.  The  general  solubility  of  nitrate  salts  is  so 
great  that  they  do  not  accumulate  in  moist  climates  except  in  pro- 
tected places  such  as  caves  and  beneath  overhanging  chflFs.  The 
nitrates  are  usually  white  crystalline  salts  with  a  pronounced  taste, 
the  character  of  which  varies  with  the  base  with  which  the  nitric  acid 
is  combined. 

SODIUM  AND  POTASSIUM  NITRATES. 

COlCPOSmON  AND  GBNBBAL  FBOFEBTEBS. 

The  nitrates  most  common  in  occurrence  as  well  as  most  important 
in  commerce  are  those  of  sodiimi  and  potassium. 

Sodium  nitrate,  sometimes  called  soda  niter,  cubic  niter,  or  Chile 
saltpeter,  has  the  same  crystalline  form  and  cleavage  as  calcite — that 
is,  it  is  rhombohedral.  The  angles  of  the  rhombohedra  are  nearly 
right  angles,  whence  the  name  cubic  niter.  The  pure  salt  forms  color- 
less, transparent  crystals  of  the  composition  NaNOj,  in  which  nitrogen 
pentoxide  constitutes  63.5  per  cent  and  soda  36.5  per  cent.  Sodium 
nitrate  deflagrates  on  charcoal  and  hence  wiD  flare  when  thrown  upon 
burning  coals,  though  less  violently  than  potassium  nitrate.  The 
sodium  combined  in  it  imparts  a  strong  yellow  color  to  the  flame. 
Sodium  nitrate  is  deliquescent  and  very  soluble  in  water.  Its  solu- 
bility increases  with  increase  of  temperature,  100  parts  of  water  dis- 
solving about  70  parts  at  0°  C,  about  80  parts  at  15.°,  and  125  parts 
at  68°. 

>  Gftle,  H.  S.,  Nitrate  deposits:  U.  8.  Geol.  Survey  Bull.  523, 1912. 

*  Stewart,  R.,  and  Petersen,  W.,  The  nitric  nitrogen  content  of  the  country  rock:  Utah  Agr.  Coll.  Exper. 
Sta.  Bull.  134, 1914. 
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Potassium  nitrate,  also  called  niter  or  saltpeter,  in  crystalline  form 
is  orthorhombic.  I.s  composition  is  KNO„  in  which  nitrogen 
pentoxide  constitutes  53.5  per  cent  and  potash  46.5  per  cent.  Potas- 
sium nitrate  occurs  naturally  as  thin  white  granular  crusts  or  masses 
or  in  minute  needle-form  crystals,  and  as  a  thin  coating  on  earth, 
walls,  and  rocks.  The  pure  salt  is  transparent  and  crystalline  and 
has  a  cooling,  rather  sharp  saline  taste.  It  deflagrates  strongly  when 
thrown  on  burning  coals.  The  potassium  combined  in  it  imparts  a 
strong  violet  color  to  the  flame.  In  impure  material  this  color  is 
often  masked  by  the  yellow  of  sodiimi,  but  the  violet  color  of  potas- 
sium may  be  recognized  if  the  flame  is  viewed  through  blue  glass, 
which  shuts  out  the  yellow  color.  The  salt  dissolves  readily  in  water 
and  is  not  altered  by  exposure. 

A  piece  of  hot  charcoal  or  the  glowing  tip  of  a  burnt  match  will 
glow  at  white  heat  in  contact  with  sodium  or  potassium  nitrate,  and 
the  nitrate  will  tend  to  fuse  and  bum  with  a  sputtering  flame.  Also 
a  piece  of  paper  moistened  in  a  solution  of  one  of  these  nitrates  and 
then  dried  will  bum  with  a  sputtering  flame. 

CHILEAN  DEPOSITS. 

The  nitrate  deposits  in  the  deserts  of  Atacama  and  Tarapaca, 
Chile,  occur  in  beds  having  a  maximum  thickness  of  about  6  feet. 
They  usually  occur  near  the  surface  but  in  places  lie  beneath  an  over- 
burden of  30  feet.  The  nitrates  are  never  pure  but  are  mixed  with 
sodium  chloride  and  other  salts  and  impregnated  with  insoluble 
earthy  matter.  The  crude  mixture  may  contain  as  much  as  60  or 
70  per  cent  of  sodium  nitrate,  but  50  per  cent  material  is  considered 
high  grade.  Material  containing  less  than  10  per  cent  is  too  poor  to 
be  mined  at  a  profit  now.*  Much  has  been  written  about  the  Chilean 
deposits,  but  further  reference  to  them  can  not  be  made  here.  A 
partial  bibUography  of  them  is  included  in  Bulletin  523. 

USES  OF  SODIUM  AND  POTASSIUM  NTTBATES. 

Sodium  nitrate  is  used  for  many  of  the  purposes  for  which  the 
potassium  salt  is  employed,  but  its  hygroscopic  nature  makes  it 
unavailable  for  the  manufacture  of  gunpowder  or  fireworks.  For 
making  nitric  acid,  for  supplying  that  acid  in  sulphimc-acid  manur 
facture,  and  for  use  as  a  fertilizer  it  has  entirely  replaced  potassiimi 
nitrate.  It  is  also  the  principal  source  of  the  potassium  salt,  which 
is  obtained  from  it  by  double  decomposition  with  the  potassium 
chloride  of  Stassf urt. 

Potassium  nitrate  (niter  or  saltpeter)  is  used  chiefly  in  the  manu- 
facture of  gunpowder  or  other  explosives  but  also  in  fireworks,  in 

i  Iloas,  W.  H.,  The  origin  of  nitrate  deposits:  Pop.  Sd.  Monthly,  August,  1914,  pp.  134-145. 
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lucifer  matches,  for  curing  meatj  for  the  manufacture  of  certain  kinds 
of  glass,  for  flux  in  metallurgic  assays,  for  dyeing,  and  in  medicine. 
According  to  Pennock  *  535,820  tons  of  sodium  nitrate  was 
imported  into  the  United  States  in  1910  from  Chile.  This  material 
was  utilized  in  various  industries,  as  follows: 

Consumption  of  nitrate  of  soda  from  Chile  in  1910. 


ExplosireB 

Fertilisers 

Dyestufls 

General  chemicals. 

Nitric  acid 

Sulphuric  acid 

Glass. 


Unaccounted  for . 


Tons.o 


219,086 
69,667 
64,296 
53,5S2 
4R,224 
32, 149 
21,433 
26,791 


535,820 


a  Computed  from  percentages  given  by  Pennock. 
PRICES  OF  NITRATES. 

The  total  imports  of  nitrates  by  the  United  States  in  1913  and  1914, 
together  with  the  reported  value,  are  given  in  the  following  table: 

Imports  of  nitrates,  1913-14.*^ 


Nitrate  of  soda long  tons. 

Nitrate  of  potash  (crude) .  pounds. 


1913 


Quantity. 


625,862 
9,876,910 


Value. 


121,630,811 
262,575 


Value 
per  ton.b 


134.56 
59.49 


1914 


Quantity. 

Value. 

Value 
per  ton.  6 

543,715 
2,229,856 

$15,228,671 
74,743 

$28.01 
73.92 

a  Monthly  Summary  of  Foreign  Commerce  of  the  United  States,  Deconber,  1914. 
b  Computed  from  totals  given. 

According  to  recent  statistics,^  there  has  been  for  the  last  few 
years  a  marked  increase  both  in  the  quantity  and  in  the  price  of 
imported  nitrates.  During  the  year  1914,  however,  there  was  a 
noticeable  reduction  in  the  importations  of  both  sodium  and 
potassium  nitrates.  Sodium  nitrate  has  fallen  in  price,  but  potas- 
sium nitrate  has  shown  a  marked  increase.  Doubtless  these 
changes  in  the  normal  rate  of  advance  are  due  to  the  disturbance  in 
trade  caused  by  the  great  European  war. 

ORIGIN  OF  THE  HOMED AIjE  NITRATES. 

A  review  of  the  hypotheses  of  the  formation  of  nitrates,  together 
with  an  account  of  the  processes  of  nitrification,  is  given  in  Survey 
Bulletin  523.     An  interesting  summary  of  the  various  modes  of 

1  Pennock,  J.  D.,  Jour.  Ind.  and  Eng.  Chem.,  vol.  4,  p.  173, 1912. 
s  U.  S,  Qeol.  Survey  Mineral  Resources  for  1913,  pt.  2,  p.  105, 1914. 

10427°— Bull.  620—16 4 
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occurrence  of  nitrates  and  the  many  explanations  of  their  origin 
is  given  in  a  recent  paper  by  Ross.^ . 

The  most  prevalent  views  of  the  origin  of  niter  require  the  presence 
of  organic  matter  in  some  form  and  the  action  of  micro-organisms. 
In  the  descriptions  of  cave  deposits  given  in  Bulletm  523  it  is  shown 
for  some  deposits  and  assumed  for  others  that  bacterial  activity  upon 
organic  matter  in  the  form  of  animal  excreta  has  caused  the  develop- 
ment of  the  nitrates. 

The  Homedale  deposit  and  probably  the  Soldier  deposit  also  belong 
to  the  general  group  classed  as  cave  deposits.  There  is,  however, 
little  direct  evidence  of  the  former  presence  of  animal  excreta  at  the 
Homedale  deposit.  There  may  indeed  be  inconspicuous  amoimts  of 
such  material  present  in  cracks  or  openings  of  the  rocks  above  and 
more  or  less  remote  from  the  deposit.  Bacterial  action  would  develop 
nitrates  from  such  material,  and  percolating  waters  penetrating  the 
more  shelly  and  fissured  zones  would  carry  these  soluble  salts  to 
favorable  places  for  their  concentration  by  evaporation.  Such  places 
would  be  the  faces  of  chffs  protected  from  rain  or  melting  snow,  the 
walls  of  shallow  caves,  and  crevices  leading  to  these  places.  In  a 
similar  manner  organic  matter  disseminated  through  the  soil  above 
the  cliffs  might,  through  bacterial  action,  furnish  nitrates  which  could 
be  removed  and  concentrated  as  above  outlined.  It  is  probable  that 
organic  matter  in  one. or  both  the  forms  mentioned  has  been  the  chief 
source  of  the  nitrate  deposits  near  Homedale  and  at  Soldier.  There 
are,  however,  other  possible  sources  that  deserve  some  discussion. 

The  occurrence  of  nitrates  in  association  with  igneous  rocks  at 
numerous  places  in  the  West  has  led  many  observers  to  the  suggestion 
that  the  nitrogen  of  these  deposits  may  have  had  a  volcanic  source. 
This  idea  was  forcibly  impressed  on  the  writer  by  the  sight  of  the 
disturbed  structures  in  the  rhyoUte  and  the  spherulitic,  vesicular,  and 
shelly  zones  in  the  rock  in  the  immediate  vicinity  of  the  deposits  near 
Homedale  (Pis.  II,  III).  The  suggestion  was  strongly  conveyed  that 
the  rhyoUte  at  this  place  may  have  been  near  the  site  of  a  former  vent 
or  point  of  eruption  and  that  volcanic  emanations  may  have  played 
some  part  in  the  supply  of  the  nitrogen  now  forming  the  nitrates. 

The  presence  of  ammonium  chloride  in  the  fumaroles  of  a  number 
of  volcanoes,  notably  Vesuvius,  has  long  been  known.  Nitrogen  is 
also  recognized  among  the  gases  that  escape  in  volcanic  eruptions. 
Considerable  discussion,  which  has  been  well  summarized  by  Clark,' 
has  taken  place  with  regard  to  the  source  of  this  nitrogen.  The  idea 
that  the  nitrogen  originates  from  organic  matter,  such  as  vegetation, 
with  which  the  lava  comes  into  contact,  or  from  the  nitrogen  of  the 

1  Rosa,  W.  H.,  The  origin  of  nitrate  deposits:  Pop.  Sci.  Monthly,  August,  1914,  pp.  134-145. 

>  Clarke,  F.  W.,  The  data  of  geochemistry,  2d  ed.:  U.  S.  Oeol.  Survey  Bull.  491,  pp.  248  et  seq.,  1911. 
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air  does  not  seem  well  sustained.  Although  Lacroix  *  notes  the  pro- 
duction of  ammonium  chloride  by  one  of  the  lava  flows  in  covering 
cultivated  or  inhabited  ground  during  the  eruption  of  Vesuvius  in 
April,  1906,  many  occurrences  of  ammonium  chloride  are  such  as  to 
preclude  the  presence  of  organic  matter.  Although  special  instances 
like  that  cited  by  Lacroix  may  occur,  the  nitrogen  of  the  lava  at 
volcanic  eruptions  is  regarded  as  clearly  an  original  constituent  and 
not  of  organic  origin.  It  has  been  argued  that  nitrides  within  the 
earth  may  be  the  source  of  the  nitrogen.  Under  the  assumption  that 
the  nitrogen  of  the  Homedale  and  other  similar  regions  might  have 
had  a  volcanic  source,  it  might  be  supposed  that  ammonium  chloride 
formerly  present  in  the  rocks  had  by  bacterial  or  other  agencies  been 
changed  into  nitrates  and  localized  by  percolating  waters  and  evapo- 
ration. At  least  two  factors  more  or  less  unfavorable  to  this  view  may 
be  cited.  (1)  The  analyses  of  the  nitrate  samples  from  Homedale  and 
Soldier  show  no  trace  of  the  presence  of  boron,  which  might  perhaps 
be  expected  under  the  volcanic  assumption,  as  the  volcanic  origin  of 
many  borate  deposits  seems  fairly  weU  established;  (2)  several 
changes  of  climate  have  xmdoubtedly  occurred  since  the  outpouring 
of  the  rhyolite,  and  it  seems  probable  that  during  the  moister  cUmatic 
epochs  much  of  the  ammonium  chloride  and  its  derived  salts  would 
have  been  removed  by  leaching,  although  in  this  case  much  would 
depend  on  the  manner  of  the  original  distribution  of  the  ammonium 
chloride. 

Another  fact,  which,  so  far  as  the  writer  is  aware,  has  not  been 
considered  in  this  connection,  should  be  mentioned.  It  has  long 
been  known  that  nearly  if  not  quite  all  rocks,  on  heating  to  redness, 
give  off  large  quantities  of  gas.  This  fact  was  noted  by  Priestly  as 
early  as  1781.  It  was  at  first  thought  that  the  gases  were  occluded 
in  the  rocks,  but  it  has  recently  been  shown  that  igneous  action  may 
generate  them  from  the  soUd  minerals  themselves.^  R.  T.  Chamber- 
lin  *  cites  many  analyses  of  gases  derived  by  heating  powdered  rock 
in  a  vacuum.  Most  of  the  common  rock  types  were  included  in 
his  experiments,  and  practically  all  the  evolved  gases  were  shown  to 
contain  nitrogen. 

With  regard  to  these  gases  the  attention  of  investigators  thus  far 
has  centered  chiefly  on  their  origin.  The  present  evidence  points 
strongly  to  nitrides  as  the  source  of.  at  least  a  part  of  the  nitrogen. 
Inasmuch  as  nitrogen  is  evolved  from  many  kinds  of  rocks,  as  is 
shown  by  ChamberUn's  analyses,  it  would  seem  that  nitrides  yet 

1  Lacroix,  A.,  L'^niptfon  du  Vesuve  en  avril  1906;  II"*  portie,  Les  fumerolles  et  les  prodoits  de  Tdrup- 
tion:  Rev.  g&n.  sci.,  vol.  17,  pp.  923-936,  Nov.  15, 1906. 
•Clarke,  F.  W.,  op.  clt.,  pp.  281-265. 
>  The  gases  in  rocks:  Carnegie  Inst.  Washington  Pub.  106, 1908. 
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unrecognized  may  be  widely  distributed  through  the  rocks  that  make 
up  the  outer  crust  of  the  earth.  The  gases  thus  far  examined  have 
all  been  obtained  at  relatively  high  temperatures — 360®  to  850**  C. 
In  the  presence  of  water  vapor  or  hydrogen  ammonia  gas  is  developed 
from  a  nitride.  It  would  be  interesting  to  discover  if  possible  whether 
similar  gases  are  evolved  from  rocks  in  the  slow  processes  of  weath- 
ering and  subaerial  denudation  and  whether  these  conditions  and  the 
influence  of  bacteria  might  produce  nitrates  which  would  be  carried 
in  solution  and  concentrated  at  favorable  places  by  evaporation. 


GOLD  DEPOSITS  NEAR  QUARTZSITE,  ARIZONA. 


By  Edward  L.  Jones,  Jr. 


INTRODUCTION. 

This  report  is  based  on  information  obtained  by  the  writer  in  April 
and  May,  1914,  while  he  was  classifying  the  lands  in  the  Colorado 
Kiver  Indian  Reservation.  The  area  considered  includes  the  south- 
ern part  of  the  reservation  and  the  region  extending  eastward  from 
the  reservation  to  the  Plomosa  Mountains.  The  geology  and  ore 
deposits  within  the  reservation  were  more  particularly  studied,  the 
time  allotted  to  the  examination  being  too  short  to  permit  detailed 
work  in  the  area  farther  east.  For  information  concerning  placers 
outside  the  reservation  the  writer  is  indebted  to  Mr.  E.  L.  Du- 
fourcq,  who  conducted  the  testing  of  placer  ground  near  Quartz- 
site.  Mr.  W.  W.  McCoy,  of  San  Bernardino,  kindly  furnished  the 
early  history  of  the  La  Paz  district,  and  Mr.  Edward  Beggs,  of 
Quartzsite,  gave  much  useful  information  regarding  the  La  Paz 
placers.  In  1909  Rowland  Bancroft  ^  made  a  geologic  reconnaissance 
of  northern  Yuma  County  and  much  of  the  country  around  Quartz- 
site  and  farther  west  to  the  reservation  line.  In  his  report  he  men- 
tions the  La  Paz  district  and  briefly  describes  placers  in  the  Plomosa 
Mountains  and  prospects  on  gold-bearing  quartz  veins  in  the  vicinity 
of  Quartzsite. 

The  map  that  accompanies  the  present  report  (PL  IV)  is  compiled 
from  the  records  of  the  General  Land  Office.  The  area  within  the 
reservation  has  been  subdivided  into  sections;  the  land  east  of  the 
reservation  is  unsurveyed.  The  mountainous  areas  in  the  reserva- 
tion are  indicated  on  this  map  by  patterns  showing  the  geologic 
rock  formations;  the  mountains  in  the  imsurveyed  area  are  repre- 
sented approximately  by  hachures. 

GEOGRAPHY. 

The  topography  of  southwestern  Arizona  is  characterized  by  small 
detached,  generally  northward-trending  mountain  ranges  separated 
by  broad  aggraded  desert  plains.    Quartzsite  lies  in  the  broad  basin 

^  Bancroft,  Howland,  RecoDDaissance  of  the  ore  deposits  in  northern  Yuma  County, 
Ariz. :  U.  8.  Geol.  Survey  Bull.  451,  1911. 
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of  Tyson  Wash  at  the  northern  end  of  La  Posa  plain,  in  southwestern 
Arizona,  between  the  Plomosa  Mountains  on  the  east  and  the  Dome 
Rock  Mountains  on  the  west,  at  an  elevation  of  about  850  feet.  The 
distance  between  the  Plomosa  and  Dome  Rock  mountains  at  the  nar- 
rowest part  of  the  plain  is  probably  not  less  than  6  miles.  Quartz- 
site  is  in  the  west-central  part  of  Yuma  County  and  is  best  reached 
by  a  daily  automobile  stage  line,  25  miles  long,  from  Bouse,  Ariz.,  a 
station  on  the  Arizona  &  California  branch  of  the  Atchison,  To- 
peka  &  Santa  Fe  Railway.  A  road  leading  westward  from  Quartz- 
site  traverses  the  southern  end  of  the  reservation  and  one  leading 
southward  traverses  the  broad  stretch  of  desert  to  Yuma. 

Most  of  the  mountains  in  this  region  attain  elevations  not  exceed- 
ing 2,000  feet  above  the  surrounding  desert.  Ferrar  Peak,  2,900  feet 
high,  is  the  highest  elevation  near  Quartzsite.  The  two  small  out- 
lying ridges  north  of  Tyson  Wash  rise  not  more  than  800  feet  above 
the  surrounding  bench  lands,  but  the  average  relief  is  less  than  500 
feet.  Gravel  and  wash  covered  bench  lands  slope  gently  westward 
from  the  Dome  Rock  Mountains  nearly  to  Colorado  River,  where 
usually  there  is  an  abrupt  descent  of  100  feet  to  the  river  bottom 
lands. 

Many  shallow  arroyos  or  washes  drain  to  Colctrado  River,  but 
none  of  them  carries  surface  waters.  Of  these,  Tyson  Wash  and 
Arroyo  La  Paz  are  the  most  prominent.  Tyson  Wash,  with  a  length 
of  50  miles,  heads  south  and  west  of  Quartzsite  in  several  branches, 
which  unite  and  drain  northward  to  the  north  end  of  the  Dome  Rock 
Mountains,  where  the  channel  turns  sharply  westward  and  debouches 
on  the  Colorado  River  bottom  lands.  Tyson  Wash  carries  an  under- 
ground water  flow  at  Quartzsite,  where  small  tracts  are  irrigated 
from  shallow  wells  operated  by  windmills  or  small  gasoline  pumps. 
Arrovo  La  Paz  heads  in  the  Dome  Rock  Mountains  and  for  most  of 
its  course  forms  the  southern  boundary  of  the  Colorado  River  Indian 
Reservation.  The  water  supply  in  the  vicinity  of  the  placer  camps 
is  very  scanty.  Water  of  a  rather  inferior  quality  is  furnished  by 
Gonzales  well,  near  the  reservation  line,  and  a  small  or  uncertain 
supply  is  obtained  from  "  tanks "  or  holes  eroded  in  the  bedrock  of 
arroyos.  Of  these,  Goodman  tank  is  the  best  known  and  most  acces- 
sible, but  even  this  water  must  be  piped  from  depths  of  several  feet 
from  the  sands  that  fill  the  excavation.  The  placers  in  the  Plomosa 
Mountains  were  supplied  with  water  through  pipe  lines  leading  from 
the  wells  near  Quartzsite. 

The  climate  of  the  region  is  extremely  arid.  The  mean  annual 
precipitation  at  Parker,*  near  the  north  end  of  the  reservation,  is 

1  BaDcroft,  Howlnnd,  Rpconnalssance  of  the  ore  deposits  In  northern  Tuma  County, 
Arte.:  IT.  8.  Geol.  Survey  Bull.  451,  p.  13,  1911. 
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only  4.27  inches,  and  the  mean  annual  temperature  for  a  period  of 
12  years  is  70.9°  Fahrenheit.  The  summer  is  intensely  hot,  and  work 
in  the  open  is  then  ahnost  impossible,  but  the  wmter  is  delightful. 
The  vegetation  of  the  region  is  scanty  and  includes  no  trees  suitable 
for  use  as  mining  timber.  The  bottom  lands  of  Colorado  River 
support  good  growths  of  willow  and  mesquite  and  a  few  cotton  woods ; 
in  the  larger  arroyos  there  are  sparser  growths  of  thorny  shrubs, 
including  ironwood,  ocotillo,  palo  verde,  and  mesquite:  and  on  the 
bench  lands  and  hill  slopes  there  are  several  varieties  of  cactus  and 
small  shrubs. 

GEOLOGY. 

Character  of  the  rocks, — In  this  investigation  detailed  geologic 
work  Avas  done  only  in  the  part  of  the  Dome  Rock  Mountains  that  is 
included  in  the  reservation,  but  the  general  geology  of  the  Plomosa 
Mountains  and  the  southern  part  of  the  Dome  Rock  Mountains  is 
described  by  Bancroft.*  Igneous  and  sedimentary  rocks  in  complex 
association  compose  these  mountains,  and  they  range  from  pre- 
Cambrian  schists  and  gneisses  to  Tertiary  or  Quaternary  volcanic 
rocks.  The  placer  areas  specifically  examined  in  the  Dome  Rock 
Mountains  and  in  that  part  of  the  Plomosa  Mountains  here  referred 
to  are  composed  of  intrusive  igneous  rocks,  some  of  which  are  of 
schistose  structure  and  others  of  holocrystalline  granitic  texture. 
The  ages  of  these  rocks  could  not  be  determined  from  the  geologic 
evidence  nearby,  although  the  schist  is  believed  to  be  of  pre-Cambrian 
age  and  the  granite  much  younger  and  probably  of  Mesozoic  age. 

The  ridges  north  of  Tyson  Wash  are  composed  of  intermixed 
schistose  sedimentary  and  igneous  rocks,  into  which  are  intruded 
narrow  dikes  of  basic  rocks,  dikes  and  irregular  masses  of  pegmatite 
and  aplite,  and  an  area  of  granite  similar  to  that  in  the  La  Paz  dis- 
trict. The  metamorphosed  sedimentary  and  igneous  rocks  are  not 
differentiated  on  the  map  (PI.  IV).  The  rocks  of  sedimentary  origin 
range  from  fine-grained  silvery- white  sericite  schists  to  coarse-grained 
biotite  schists  with  interbedded  thin  marble  beds.  Granite  gneiss, 
amphibolite  schist,  quartz-epidote  schist,  and  granite  comprise  the 
larger  igneous  masses  in  these  ridges.  Lava  flows  of  Tertiary  and 
Quaternary  age  occur  throughout  the  eastern  part  of  the  Plomosa 
Mountains  a  short  distance  east  of  the  area  here  considered. 

Quartz-epidote  schist. — A  greenish-gray  to  black  schistose  porphy- 
ritic  rock  occupies  the  larger  part  of  the  Dome  Rock  Mountains 
within  the  reservation  and  probably  much  of  the  mountainous  area 
east  of  the  reservation.  It  forms  relatively  smaller  areas  of  the 
ridges  north  of  Tyson  Wash.    According  to  Bancroft  it  is  the  coun- 

»  Op.  clt.,  pp.  22-36. 
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try  rock  in  the  vicinity  of  the  New  York-Plomosa  placers  east  of 
Quartzsite.  The  rock  is  composed  of  quartz,  orthoclase,  and  altered 
feldspars,  some  of  calcic  composition,  more  or  less  inclosed  in  an 
aggregate  of  epidote,  sericite,  chlorite,  hornblende,  and  calcite. 
Locally  magnetite  is  an  important  constituent.  The  rock  exhibits 
varying  degrees  of  schistosity,  but  large  exposures  show  well-marked 
planes  which  trend  from  east- west  to  northwest-southeast  and  dip  at 
an  average  of  30°  to  the  north  and  northeast.  The  quartz-epidote 
schist  is  believed  to  have  been  derived  from  an  intrusive  igneous  rock, 
probably  a  quartz  monzonite  or  quartz  diorite  porphyry.  This  rock 
is  of  economic  importance,  for  it  contains  the  gold-bearing  quartz 
veins  in  the  La  Paz  district  from  which  the  placer  deposits  are 
derived. 

Granite, — North  of  Goodman  tank  a  light-colored  granitic  rock 
occupies  a  considerable  area  in  the  main  Dome  Rock  Mountains  and 
occurs  in  smaller  masses  in  the-ridges  north  of  Tyson  Wash.  The 
rock  is  commonly  of  a  medium-grained  holocrystalline  texture,  but 
in  places  is  coarsely  granular,  approaching  a  pegmatite.  The  crys- 
tals of  quartz  and  feldspar  are  commonly  intergrown.  Orthoclase, 
oligoclase,  and  albite  comprise  the  feldspars.  Ferromagnesian  min- 
erals  are  variable  constituents  of  the  granite;  in  some  localities  they 
are  practically  absent  or  consist  of  sparsely  distributed  biotite  and 
chlorite ;  in  other  localities  hornblende,  biotite,  and  chlorite  are  fairly 
abundant.  The  granite  intrudes  the  quartz  diorite  and  other  schistose 
rocks  of  the  region,  and,  as  shown  by  the  absence  of  dynamic  meta- 
morphism,  is  of  much  later  age.  The  granite  gneiss  differs  from  the 
granite  in  composition  by  the  arrangement  of  abundant  biotite  crys- 
tals in  flow  lines.  Amphibolite  and  some  of  the  biotite  schists  prob- 
ably are  derived  from  diabase  and  diorite. 

Quaternary  deposits. — Between  the  Plomosa  and  the  Dome  Rock 
mountains  lies  the  gravel  and  wash  covered  desert  of  Quaternary 
deposits.  Flanking  the  mountainous  areas  within  the  reservation, 
with  their  eastern  limits  undetermined,  are  the  bench  lands  com- 
posed of  unconsolidated  sands,  clays,  and  gravels  deposited  by  Colo- 
rado River  in  Quaternary  time  during  periods  of  aggradation.  This 
l)ench-lands  formation  is  correlated  with  the  Chemehuevis  gravel, 
as  described  by  Lee,^  who  noted  it  at  many  places  along  Colorado 
River.  Rapid  erosion  of  the  mountainous  areas  under  desert  condi- 
tions has  produced  thick  wash  deposits  in  the  gulches  and  alluvial 
fans  that  extend  for  short  distances  from  the  base  of  the  mountain 
slopes  over  the  bench-lands  formation.  This  material  is  unassorted 
and  consists  of  angular  rock  fragments  and  sand.    In  the  reservation 

>  Lee,  W.  T.,  Geologic  reconnaissance  of  a  part  of  western  Arizona  :  IT.  S.  Geol.  Survey 
Bull.  352,  pp.  43-47,  1908. 
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this  wash  is  unconsolidated,  but  placer  operators  report  that  on  the 
eastern  slopes  of  the  Dome  Rock  Mountains  a  cemented  wash  is  over- 
lain by  incoherent  material,  and  Bancroft  reports  that  the  placer 
workings  in  the  Plomosa  Mountains  are  in  a  conglomerate  of  the 
older  rock  fragments  cemented  by  lime  carbonate. 

The  bottom  lands  lying  in  the  flood  plain  of  Colorado  Biver  are 
deposits  of  river  silt.  During  floods  the  plain  is  rapidly  built  up 
by  fresh  silt  deposited  from  the  heavily  charged  river  waters. 

PliACER  MINES. 

History, — Placer  mining  in  this  part  of  Arizona  closely  followed 
the  discovery  of  the  La  Paz  diggings.  Part  of  the  early  history  of 
these  workings,  in  addition  to  that  given  by  Mr.  W.  W.  McCoy, 
was  obtained  from  the  report  of  J.  Ross  Browne  in  "Mineral 
resources  of  the  States  and  Territories  west  of  the  Rocky  Mountains," 
published  in  1868.  In  January,  1862,  Capt.  Pauline  Weaver  was 
trapping  along  Colorado  River,  and  at  times  would  stray  off  into 
the  mountains  on  prospecting  trips  for  gold.  The  Indians,  with 
whom  he  was  on  friendly  terms,  gave  him  some  nuggets  and,  after 
Weaver  had  organized  a  party  from  Yuma,  conducted  him  to  the 
source  of  the  gold.  The  party  picked  up  $8,000  in  nuggets  within 
a  short  time,  but  had  to  return  to  Yuma,  150  miles  distant,  for  pro- 
visions. A  rush  from  southern  California  and  Arizona  points 
immediately  started  for  these  placers,  and  within  a  short  time 
hundreds  of  miners  were  prospecting  the  country  around  the 
original  location. 

The  town  of  La  Paz  was  established  at  the  base  of  the  bench 
lands  near  the  river,  the  houses  being  constructed  of  adobe  bricks. 
La  Paz  soon  became  the  supply  point  of  the  surrounding  region, 
and  maintained  its  population  of  about  1,500  until  1864,  when,  with 
the  apparent  exhaustion  of  the  placers  and  the  discovery  of  new 
diggings,  large  numbers  left  the  district.  From  this  time  the  popula- 
tion steadily  decreased,  until,  with  the  creation  of  the  additions  to 
the  Colorado  River  Indian  Reservation  in  1873, 1874,  and  1876,  which 
included  much  of  the  placer  ground  and  greatly  restricted  mining, 
La  Paz  was  practically  deserted,  and  the  site  of  the  once  flourishing 
town  is  now  marked  only  by  disintegrating  adobe  buildings. 

The  old  placer  workings  are  in  the  gulches  and  on  the  western 
hill  slopes  of  the  Dome  Rock  Mountains,  from  6  to  8  miles  from 
La  Paz.  Water  at  the  diggings  had  either  to  be  hauled  from  La  Paz 
or  a  small  supply  obtained  from  the  Goodman  tank.  Mr.  McCoy 
states  that  water  packed  from  La  Paz  to  the  placers  brought  $5  a 
gallon  during  the  rush  period.  The  gold  was  recovered  entirely  by 
dry  washing  in  gold  pans  or  wooden  bowls  called  "  bateas."    Picks 
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and  shovels  were  used  to  break  up  and  handle  the  gold-bearing 
material,  these  implements  being  supplemented  by  Mexican  miners 
by  a  steel  bar  2  feet  long.  With  such  crude  methods,  it  is  apparent 
that  only  the  coarser  gold  could  be  saved  and  only  ground  extremely 
rich  would  be  payable.  Nevertheless,  it  is  estimated  ^  that  $1,000,000 
was  recovered  in  the  first  year,  and  as  much  more  in  each  following 
year  until  1868.  Since  that  time  the  production  probably  has  been 
comparatively  small.  The  gold  particles  or  nuggets  ranged  in  value 
from  5  cents  to  $10,  although  $20  and  $40  pieces  were  not  uncommon, 
and  the  largest  piece,  or  "  chispa,"  taken  out,  found  by  Juan  Ferrar, 
was  valued  at  $1,160.  The  production  per  man  per  day  frequently 
exceeded  $100.  With  the  introduction  of  the  "  dry-washer  "  machine, 
a  few  years  after  the  district  was  discovered,  greater  quantities  of 
material  could  be  handled  and  a  large  saving  of  the  gold  effected, 
although  by  that  time  the  richer  ground  had  largely  been  worked 
over. 

Dry-washer  machines. — ^The  machines  used  in  "  dry  washing  "  are 
of  several  types,  but  probably  the  most  efficient  is  that  of  the  "  bel- 
lows" type.  In  capable  hands  6  cubic  yards  of  material  can  be 
handled  by  a  machine  of  the  largest  type  by  one  man  in  eight  hours, 
and  the  capacity  of  those  of  the  smaller  types,  more  commonly  used, 
is  2  yards  a  day.  The  machine  consists  of  a  wooden  iramework,  to 
which  is  attached  a  coarse  screen,  hopper,  crank  and  gears,  riffle 
board,  and  bellows.  The  material  is  passed  through  a  screen  hav- 
ing a  quarter-inch  mesh  into  a  hopper  having  a  capacity  of  1  cubic 
foot,  and  then  passes  on  to  the  inclined  riffle  board,  10  by  20  inches, 
which  also  is  a  screen  surface  with  wooden  riffles  at  right  angles  to 
its  length.  The  pulsations  of  the  bellows  keeps  the  material  in 
motion.  Underneath  the  riffle  board  is  a  muslin  cloth,  stretched  over 
the  air  chamber.  The  power  for  operating  the  bellows  is  a  crank 
on  geared  wheels,  and  as  the  material  passes  over  the  riffle  board 
the  heavier  particles  are  intercepted  by  the  riffles  and  drop  through 
the  screen  on  to  the  cloth,  while  the  waste  material  passes  over  the 
end  of  the  board  or  is  blown  away  by  the  air  blast.  The  gold  is 
obtained  by  panning  the  concentrates.  It  is  apparent  that  the  gold- 
bearing  wash  must  run  well  above  50  cents  per  cubic  yard  in  order 
that  the  operator  may  make  miner's  wages.  Sporadic  placer  mining 
has  been  done  with  this  machine  by  the  miners  at  Quartzsite,  but 
because  of  the  variability  of  the  gold  content  of  the  wash  and  the 
limitations  of  the  machine  no  large  areas  have  been  thoroughly  or 
continuously  worked. 

Areas  of  gold-hearing  wash. — ^In  the  La  Paz  district  the  principal 
gulches  or  arroyos  in  which  the  gold-bearing  wash  occurs  or  to  which 

^  Browne,  J.  R.,  Mineral  resourceB  of  the  States  and  Territortes  west  of  the  Rocky 
Mountains,  1868. 
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the  richest  gulches  are  tributary  are  Goodman  Arroyo  and  Arroyo 
La  Paz,  an  arroyo  at  the  southern  boundary  of  the  reservation.  Fer- 
rar  Gulch,  tributary  to  Arroyo  La  Paz,  contained  the  richest  and 
most  productive  placers  of  the  district.  Evidences  of  former  work 
are  seen  in  the  old  excavations  and  piles  of  bowlders  and  angular 
rock  fragments,  in  exposures  of  bedrock  where  the  wash  was  shal- 
low, and  in  the  deeper  deposits  by  old  shafts  from  which  small  drifts 
were  driven  in  the  hope  of  finding  rich  pockets.  The  thickness  of 
the  gold-bearing  wash  is  variable,  ranging  from  a  few  feet  on  the 
mountain  slopes  to  an  unknown  measure  in  La  Paz  Arroyo  and  in  the 
gulch  traversed  by  the  Quartzsite-Ehrenberg  road.  Shafts  have  been 
sunk  in  the  wash  to  depths  of  30  feet  without  reaching  bedrock  and 
it  is  reported  that  in  places  the  wash  is  at  least  60  feet  deep.  By  far 
the  greater  part  of  the  auriferous  material  is  unworked,  especially 
that  in  the  lower  courses  of  the  arroyos,  where  the  wash  is  deep. 
Ferrar  Gulch  for  most  of  its  course  has  been  practically  worked  out. 
No  estimate  could  be  made  of  the  probable  gold  content  of  the  wash 
in  the  La  Paz  district  because  of  lack  of  detailed  data  and  of  un- 
certainty as  to  the  limits  of  the  wash,  but  in  one  area  the  deposit, 
said  to  contain  values  of  50  to  75  cents  per  yard  and  much  of  it  80 
feet  or  more  deep,  occupies  at  least  640  acres,  and  considerable  areas 
extend  into  the  smaller  gulches. 

Character  of  gold-hearing  wash, — ^The  gold-bearing  material  con- 
sists of  sand  and  clay  inclosing  angular  rock  fragments  of  greatly 
variable  size.  Tjests  indicate  that  about  20  per  cent  of  the  wash  will 
pass  through  a  quarter-inch  screen,  and  the  largest  bowlders  weigh 
several  hundred  pounds. .  The  material  near  the  surface  is  unassorted 
and  is  unconsolidated,  being  readily  worked  with  pick  and  shovel. 
That  at  depths  of  15  or  20  feet  is  consolidated,  but  the  cementing  sub- 
stance readily  disintegrates  on  exposure  to  air.  Deposits  of  wash 
below  the  depths  of  test  pits  may  prove  to  be  similar  to  the  outwash 
on  the  east  slope  of  the  Dome  Bock  Mountains  and  in  the  Plomosa 
placers,  where  the  material  is  firmly  cemented  with  calcium  carbon- 
ate and  requires  crushing  in  order  to  free  the  gold.  In  Goodman 
Wash  below  the  Goodman  tank  a  deposit  of  calcareous  tufa  sev- 
eral feet  thick  was  noted.  The  ground  stands  sufficiently  well  to  per- 
mit the  sinking  of  shafts  without  the  use  of  timber.  The  wash  is 
readily  worked  in  dry-washer  machines,  the  only  requirement  being 
that  the  ground  must  be  dry.  The  gold  is  said  to  be  distributed 
throughout  the  wash,  though  in  the  early  workings  the  richest  yield 
was  obtained  near  bedrock.  The  size  of  the  gold  now  recovered  from 
the  deposits  of  the  La  Paz  district  probably  averages  only  a  few 
cents,  but,  as  already  stated,  the  gold  recovered  from  the  early  work- 
ings was  much  coarser.  The  gold  is  rough  and  angular,  and  particles 
of  iron  cling  to  some  of  the  nuggets.    Magnetite  is  always  found  in 
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the  concentrates,  and  bowlders  of  magnetite,  the  largest  weigliing 
several  pounds,  are  frequently  found  on  the  surface. 

Present  and  contemplated  operations  in  the  La  Paz  district, — 
Occasional  dry  washing  is  doUe  by  miners  within  the  La  Paz  dis- 
trict,  and  yearly  assessments  are  maintained  by  parties  who  hope  to 
gain  title  to  placer  tracts  when  the  restrictions  on  mining  within  the 
reservation  are  removed.  The  most  extensive  preliminary  work  has 
been  done  by  a  California  company,  which,  in  addition  to  making 
tests,  has  leveled  the  top  of  a  small  hill  for  a  reservoir  site.  This 
site,  which  stands  at  an  elevation  of  850  feet,  is  about  600  feet  above 
the  Colorado  River  bottom  lands.  Water  for  the  reservoir  could  be 
obtained  from  wells  near  La  Paz,  which  in  an  air  line  is  but  4J 
miles  distant.  It  is  said  that  the  company  intends  to  hydraulic  the 
gold-bearing  wash  from-  the  smaller  gulches  and  hillsides  into  the 
larger  arroyos,  where  a  "dredge  will  be  installed  and  the  entire  de- 
posit systematically  worked. 

Placers  on  tJie  east  slope  of  Dome  Rock  Mountains. — ^There  are 
several  placer  tracts  on  the  east  side  of  the  Dome  Rock  Mountains 
in  the  large  branch  of  Tyson  Wash,  west  of  Quartzsite,  and  in  low- 
lying  ground  traversed  by  gulches  tributary  to  it.  Of  these  the 
Middle  Camp,  Orofino,  and  La  ChoUa  placers  are  outlined  roughly 
on  the  accompanying  map.  These  placers  have  been  worked  inter- 
mittently on  a  small  scale  since  the  La  Paz  placers  were  discovered, 
and  several  attempts  have  been  made  to  handle  the  ground  on  a  large 
scale,  but  thus  far  these  efforts  have  proved  unsuccessful.  At  the 
time  the  region  was  visited  the  Orofino  tract,  owned  by  the  Catalina 
Gold  Mining  Co.,  was  the  only  one  on  which  work  was  being  done, 
and  this  work  consisted  of  testing  the  ground,  partly  to  determine 
its  gold  content  and  partly  to  determine  the  advisability  of  working 
the  wash  with  dry  concentrating  machines  of  large  capacity.  The 
following  information  was  obtained  on  the  ground,  the  data  as  to  the 
gold  content  and  like  matters  being  supplied  by  Mr.  E.  L.  Duf  ourcq, 
the  engineer  in  charge.  The  placer  ground  owned  by  this  company 
comprises  640  acres  of  land  in  which  test  holes  were  sunk  every 
few  hundred  feet.  The  holes  ranged  in  depth  from  a  few  feet  to  30 
feet.  The  material  taken  from  each  excavation  was  run  through  a 
small  concentrator  to  determine  its  gold  content,  and  the  results 
showed  that  the  gold  content  ranges  from  a  few  cents  to  over  $1  per 
cubic  yard,  the  average  being  38  cents.  The  colors  run  from  less  than 
1  cent  to  24  cents  each  and  the  gold  is  fine,  being  worth  about  $19 
an  ounce.  The  gold-bearing  material  differs  from  that  of  the  La  Paz 
placers  in  that  it  consists  of  unconsolidated  rock  debris  and  an 
underlying  cemented  gravel.  The  loose  material  ranges  in  depth 
from  a  few  feet  to  12  feet,  and  the  cement  is  of  variable  depth — 
at  leas-t  18  feet  in  places.    The  gold  is  said  to  be  distributed  through 
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both  the  unconsolidated  and  the  cemented  material.  The  machine 
used  in  making  the  tests  was  a  Stebbins  demonstration  dry  concen- 
trator. This  machine  consists  of  a  metal  frame  on  which  is  a 
perforated  steel  table  with  rifSes  parallel  to  its  length.  Underneath 
the  table  is  a  fan  which  supplies  an  air  blast  that  is  conveyed  in  a 
tube  to  the  table  and  passes  out  through  the  perforations.  The  dry 
wash  is  screened  through  a  quarter-inch  mesh  at  the  head  of  the 
table,  and  as  the  material  passes  onto  the  table  the  lighter  particles 
are  blown  away  or  worked  over  the  lower  side  and  the  concentrates 
are  collected  at  the  end.  The  power  is  a  small  gasoline  engine, 
which  operates  the  fan  and  gives  to  the  table  a  vibratory  motion 
similar  to  that  of  a  Wilfley  table.  Its  capacity  is  about  1  cubic  yard 
an  hour. 

The  Middle  Camp  and  I^  ChoUa  placer  tracts  were  not  visited,  but 
their  situation  is  similar  to  that  of  the  Orofino  tract,  in  the  arroyos 
tributary  to  Tyson  Wash.  At  the  Middle  Camp  placer  it  is  reported 
that  a  dry  concentrating  machine  having  bucket-dredge  excavator 
and  capacity  of  1,000  yards  per  10-hour  day  was  installed,  but  proved 
a  failure  because  of  the  moisture  contained  in  the  wash  at  depths  of 
a  few  feet.  In  any  dry  concentrating  process  in  order  to  attain 
maximum  capacity  and  to  make  high  saving  of  gold  content  it  is 
essential  that  the  material  be  absolutely  dry,  and  even  in  this  arid 
region  some  of  the  material  holds  sufficient  moisture  to  greatly  ham- 
per* the  handling  of  large  quantities  of  it.  The  bedrock  of  the  La 
ChoUa  placer  tract  is  reported  to  be  schist  derived  from  sedimentary 
rock.  This  schist  is  said  to  contain  many  small  auriferous  quartz 
veins,  and  the  gold-bearing  material  is  a  hard  siliceous  cement  that 
must  be  crushed  before  the  gold  can  be  recovered. 

No  survey  was  made  of  the  placer  ground  on  the  east  side  of  the 
Dome  Rock  Mountains,  but  the  deposits  are  extensive  enough  to  merit 
serious  attention.  It  is  believed  that  the  deposits  can  be  worked  best 
by  hydraulic  methods,  by  means  of  storage  reservoirs  on  one  of  the 
many  small  hills  that  overlook  the  placer  ground.  The  water  would 
have  to  be  pumped  from  Colorado  River  with  a  lift  of  about  1,000 
feet.  The  gold-bearing  debris  of  the  smaller  gulches  and  mountain 
slopes  could  then  be  washed  into  the  larger  arroyos,  where  the  entire 
deposit  could  be  worked  by  dredge  or  by  sluicing,  although  the  slope 
of  ground  is  rather  low  to  permit  easy  disposal  of  the  waste  rock. 

Deposits  in  the  Plomosa  Mountains. — ^Placer  deposits  on  the  south- 
western slopes  of  the  Dome  Rock  Mountains,  5  miles  southeast  of 
Quartzsite,  have  been  worked  intermittently  on  a  small  scale  for  many 
years.  These  placers  were  examined  in  1909  by  Rowland  Bancroft, 
and  the  following  data  are  taken  from  his  report.* 

*Op.  cit,  pp,  87-88. 
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Of  the  companies  that  own  placer  tracts  in  this  area,  the  New 
York-Plomosa  Co. — 

has  installed  large  machinery,  laid  a  7-mile  water-pipe  line  without  any  expan- 
sion Joints,  and  has  got  all  ready  to  work  the  placers.  For  some  reason  only 
one  run  had  been  made  prior  to  May,  1909,  the  results  of  which  were  not 
available.    ♦    ♦    ♦ 

There  has  been  installed  on  the  property  the  following  machinery :  Three  100- 
horsepower  boilers,  one  SOO-horsepower  Corliss  engine,  two  Williams  mills,  two 
Huntington  mills,  and  various  accessories.  The  pipe  line  which  furnishes  the 
water  used  on  the  property  is  approximately  7  miles  long  and  is  about  5  inches 
in  diameter,  the  difference  in  elevation  between  the  two  terminals  of  the  line 
being  approximately  400  feet 

The  ground  has  been  prospected  by  a  great  many  small  tunnels  with  frequent 
openings  to  the  surface  and  an  occasional  larger  adit  tunnel  run  along  the  bed- 
rock. The  vicinity  had  previously  been  prospected  by  "  dry  washers,"  and  con- 
sequently the  underground  work  resembles  a  network  of  small  burrowings,  some 
of  which  a  man  can  scarcely  drag  himself  through.    ^    ^    • 

In  certain  old  drainage  channels  which  led  away  from  the  southwestern  part 
of  the  Plomosa  Mountains  is  found  an  auriferous  conglomerate  of  granite,  schist, 
and  quartz  fragments  cemented  by  lime  carbonate.  In  thickness  this  conglom- 
erate or  "  cement  rock  "  varies  from  a  few  inches  to  a  great  many  feet.  ♦  ♦  ♦ 
It  was  evidently  the  intention  of  the  company  to  work  the  cemented  material 
in  mills. 

A  recent  communication  from  Mr.  Beggs  states  that  these  placers 
are  again  receiving  attention,  and  that  a  dry  concentrating  plant, 
costing  $60,000,  is  to  be  installed.  Numerous  tests  have  been  made 
and  a  large  area  of  ground  has  been  blocked  out,  which  is  said  to  run 
50  cents  per  cubic  yard.  Water  in  sufficient  quantity  for  the  needs 
of  the  camp  was  obtained  in  a  well  at  a  depth  of  300  feet. 

GOLD  QUARTZ  VEINS. 

The  auriferous  quartz  veins  in  the  vicinity  of  the  La  Paz  diggings 
were  probably  discovered  at  the  same  time  as  the  placers,  for  in 
places  they  form  conspicuous  outcrops  with  abundant  float.  The  de- 
composition of  these  veins  has  produced  the  placer  gold  for  the  larg- 
est areas  of  gold-bearing  wash  are  found  along  the  more  persistent 
quartz  veins  on  which  mining  has  been  done.  These  veins  are  gen- 
erally distributed  through  the  metamorphosed  pre-Cambrian  igneous 
and  sedimentary  rocks,  although  they  are  more  numerous  in  the 
country  rock  of  the  La  Paz  placers  than  in  the  sedimentary  schists. 
The  veins  are  of  two  types — ^those  that  lie  in  the  planes  of  schistosity 
and  those  that  cut  across  them.  In  the  La  Paz  district  the  veins  of 
the  first  type  are  comparatively  large  and  persistent,  trending  from 
east- west  to  northwest-southeast,  and  those  of  the  second  type  consist 
of  numerous  north-south  trending  gash  veins.  On  the  west  ridge 
north  of  Tyson  Wash  two  large  quartz  veins  of  east- west  trend  cut 
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across  the  schistosity  of  the  inclosing  rocks,  and  other  smaller  veins 
trend  in  various  directions.  The  larger  veins  of  east- west  trend  have 
been  mined  or  prospected,  but  those  of  the  gash  vein  type,  although 
reported  to  be  gold-bearing,  are  too  small  for  exploitation.  The 
failure  to  develop  these  veins  more  fully  is  due  to  their  remote  situ- 
ation and  the  inability  of  the  owners  to  acquire  title  under  the  min- 
eral laws,  for  all  the  prospects  here  described  except  one  are  within 
the  reservation. 

MINES  AND  PROSPECTS. 

Goodman  mine. — ^The  Goodman  mine  is  on  the  Goodman  vein, 
which  trends  from  northwest-southeast  to  east-west  and  can  be 
traced  for  3  miles,  its  eastern  limits  of  outcrop  being  the  wash-filled 
arroyo  traversed  by  the  Quartzsite-Ehrenberg  road,  and  the 
faulted  portions  of  its  westward  extension  being  traceable  to  the 
bordering  bench  lands  about  a  mile  south  of  the  Goodman  tank. 
The  vein  varies  greatly  in  width,  ranging  from  a  mere  seam  to  a 
vein  40  feet  wide  and  averaging  in  width  probably  10  feet.  It 
occupies  a  shear  or  fault  zone  in  the  quartz-epidote  schist.  It  dips 
generally  to  the  north  at  angles  ranging  from  30°  almost  to  90°. 
The  development  consists  of  several  inclined  shafts  sunk  on  the  vein 
and  connecting  tunnels.  One  incline  is  120  feet  deep  with  connect- 
ing tunnel  140  feet  long  and  120  feet  of  drifts ;  another  tunnel  is  240 
feet  long.  The  vein  material  is  a  massive  iron-stained  quartz  con- 
taining small  cavities  resulting  from  the  weathering  of  pyrite,  which 
is  distributed  through  the  vein  but  is  usually  more  abundant  along 
the  walls  and  for  a  short  distance  in  the  inclosing  wall  rocks  than 
elsewhere.  The  gold  is  contained  in  the  pyrite  and  can  at  many 
places  be  seen  in  the  oxidized  ores.  About  $40,000  was  obtained 
from  the  Goodman  mine  prior  to  1900,  and  since  that  time  Mr.  W.'E. 
Scott,  of  Quartzsite,  has  mined  ore  to  the  value  of  $9,000,  the  average 
tenor  of  which  was  $65  per  ton.  The  ore  was  hauled  15  miles  to 
Quartzsite  and  there  treated  in  a  small  amalgamation  mill.  The 
mine  is  not  worked  at  present,  although  yearly  assessments  are 
maintained. 

Golden  Hope  claims. — ^The  Golden  Hope  claims  are  on  the  Good- 
man vein  near  the  east  reservation  line.  The  workings  consist  of  two 
shafts,  each  about  30  feet  deep,  and  two  tunnels,  30  and  70  feet  long, 
respectively,  which  cut  the  vein  at  shallow  depths.  In  a  recent  com- 
munication Mr.  Beggs  stated  that  a  large  shoot  of  milling  ore 
running  $30  per  ton  in  gold  had  been  opened  in  these  workings  and 
that  the  company  owning  the  property  was  contemplating  the  erec- 
tion of  a  mill  to  treat  the  ores. 

The  west  end  of  the  Goodman  vein  is  covered  bv  claims  located 
by  Mr.  Beggs,  who  stated  that  he  obtained  an  assay  -of  $200  per  ton 
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in  gold  on  ore  taken  from  a  small  discovery  hole  sunk  on  the  vein. 
The  vein  at  the  west  end  is  of  irregular  shape ;  in  places  it  is  40  feet 
wide  but  in  a  short  distance  pinches  to  a  mere  seam  or  is  cut  out  by 
faults.  The  inclosing  wall  rocks  are  crumpled  and  folded  quartz- 
epidote  schists. 

Mariquita  prospect. — ^This  property  was  not  examined  by  the 
writer  but  is  described  as  follows  by  Bancroft :  ^ 

The  Mariquita  prospect  is  located  about  6  miles  west  of  Quartz^te,  the  road 
leading  to  it  branching  from  the  Ehrenberg  stage  line  some  4  miles  out  of 
Quartzsite.  It  is  situated  2  miles  north  of  the  stage  road,  at  an  elevation  of 
1,100  feet  on  the  southeastern  side  of  a  saddle  which  occurs  midway  In  the 
Dome  Rock  Mountains. 

Medium  to  fine  grained  quartz-mica  schists,  apparently  Intruded  by  much 
younger  fine  to  medium  grained  granites  or  quartz  monzonites,  are  the  rocks  in 
the  immediate  vicinity.  The  schists  strike  northwest-southeast  and  dip  20° 
NE.,  and  they  contain,  besides  the  quartz  and  mica,  much  epidote  and  chlorite, 
with  a  large  percentage  of  orthoclase  feldspar  and  some  unaltered  but  con- 
torted biotite  crystals. 

A  fairly  large  vein  of  quartz,  carrying  a  little  copper  and  gold,  which  has 
been  roughly  prospected,  is  the  source  of  the  ore  extracted  from  this  property. 
The  vein  strikes  S.  20°  E.  and  dips  20°  NE.,  and  lies  in  a  slip  or  fault  between 
paraUel  schist  strata.  In  width  the  vein  varies  from  a  few  inches  to  several 
feet,  is  fairly  persistent  in  length,  and  apparently  is  lenticular.  As  the  work- 
ings on  the  property  are  old  and  not  very  extensive,  little  accurate  data  on  the 
size  of  the  ore  body  were  obtained. 

Dan  Welsh  prospect. — ^The  Dan  Welsh  prospect  is  on  the  summit 
of  a  ridge  near  the  south  boundary  of  sec.  32,  T.  6  N.,  R.  21  W.  Lit- 
tle work  has  been  done  on  it,  and  it  was  deserted  at  the  time  of  the 
writer's  visit.  The  development  consists  of  a  shaft  12  feet  deep 
and  several  open  cuts  and  short  tunnels,  which  explore  a  quartz  vein 
whose  average  width  is  2  feet.  The  vein  trends  east- west,  dips  from 
60®  N.  to  vertical,  and  can  be  traced  1,000  feet,  pinching  to  a  mere  seam 
on  the  west  side  of  the  ridge  400  feet  from  the  shaft  and  disappear- 
ing beneath  outwash  deposits  on  the  east  side  of  the  ridge.  The  in- 
closing  wall  rocks  are  a  sandy  mica  schist  of  sedimentary  origin 
and  granite  gneiss  and  amphibolite  schist  of  igneous  origin,  all  of 
pre-Cambrian  age.  The  schists  trend  about  north-south  and  dip 
20°  E.,  and  the  fracture  filled  by  the  quartz  vein  cuts  squarely  across 
the  schistose  structure.  The  vein  matter  is  a  massive  vitreous,  iron- 
stained  quartz  containing  plentiful  disseminated  pyrite  cubes  from 
an  eighth  to  a  quarter  of  an  inch  square  or  crystal  aggregates  an 
inch  or  more  in  diameter.  The  oxidized  portion  of  the  vein,  which 
extends  to  the  bottom  of  the  shaft,  contains  cavities  from  which 
pyrite  has  been  weathered.  The  iron  oxides  contain  here  and  there 
specks  of  gold  and  along  the  fracture  planes  in  the  quartz  there  are 

1  Op.  cit.,  pp.  81-82. 
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dendritic  flakes  suggesting  secondary  deposition.  The  ore  is  ap- 
parently of  high  grade;  its  exact  tenor  is  not  known.  A  stack  of 
50  sacks  of  ore  was  found  in  the  gulch  leading  down  from  the  pros- 
pects on  the  west  slope  of  the  ridge,  and  another  pile  of  20  sacks, 
with  several  tons  of  unsacked  ore,  was  found  at  the  shaft.  It  was 
reported  that  the  owners  of  this  prospect  packed  the  ore  to  Colo- 
rado River,  6  miles  distant,  and  there  treated  the  ore  in  an  arrastre 
with  mercury  to  recover  the  gold,  but  they  were  not  allowed  to 
continue  operations. 

Marwmoth  prospect, — ^The  Mammoth  prospect  is  in  sec.  12,  T.  5 
N.,  R.  21  W.,  near  the  base  of  an  eastward-trending  ridge.  An  old 
incline,  now  inaccessible,  but  probably  several  hundred  feet  deep,  is 
sunk  on  a  faulted  quartz  vein  of  variable  width,  which  trends  about 
N.  70°  E.,  and  is  traceable  to  the  west  for  1,000  feet,  mainly  by 
abundant  float.  At  the  shaft  the  vein  is  10  feet  wide.  No  work  has 
been  done  here  in  recent  years,  but  in  1914  the  prospect  was  relocated 
and  is  now  known  as  the  Apache  No.  2.  The  country  rock  is  a  dark 
schistose  porphyry  containing  prominent  feldspars  inclosed  by  bio- 
tite,  chlorite,  and  epidote.  The  vein  matter  is  a  massive  white  quartz 
slightly  stained  with  iron  and  copper  salts,  with  sparsely  dissemi- 
nated pyrite.  The  ore  is  said  to  be  valuable  only  for  its  gold  con- 
tent, but  its  tenor  is  not  known. 
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SOME  CINNABAR  DEPOSITS  IN  WESTERN  NEVADA. 


By  Adolph  Knopf. 


DEPOSITS  EAST  OF  MINA. 
LOCATION  AND  HISTOBY  OF  DISCOVEBY. 

A  belt  of  cinnabar  deposits  is  situated  in  the  heart  of  the  Pilot 
Mountains,  in  an  air  line  8  miles  south  of  east  of  Mina,  Esmeralda 
(^ounty,  Nev.  The  average  elevation  above  sea  level  here  is  7,300 
feet,  or  about  2,700  feet  above  Mina,  the  local  supply  point,  which  is 
on  the  Southern  Pacific  system.  The  deposits  are  accessible  from 
Mina  by  a  good  wagon  road  of  easy  grade  about  12  miles  long.  The 
area  in  which  the  quicksilver  deposits  occur  supports  sufficient  forest 
growth  to  furnish  wood  for  local  use  as  fuel  and  contains  a  number 
of  springs  that  are  capable  of  furnishing  an  ample  domestic  supply 
of  water.  The  topographic  features  of  the  district  and  its  ap- 
proaches are  shown  on  the  scale  of  1:250,000,  or  approximately  4 
miles  to  the  inch,  on  the  United  States  Geological  Survey's  map  of 
the  Tonopah  quadrangle. 

The  discovery  that  drew  attention  to  the  cinnabar  of  Pilot  Moun- 
tains was  made  in  June,  1913.  On  the  day  of  the  discovery  Thomas 
Pepper  and  Charles  Keough  had  been  tracking  two  stray  steers,  when 
near  nightfall  the  trail  led  over  an  old  prospect  in  which  a  face  of 
limestone  traversed  by  small  veinlets  of  red  mineral  was  exposed. 
The  red  mineral  was  recognized  by  Keough  as  cinnabar.  After  find- 
ing the  steers  and  taking  them  to  Mina  the  two  discoverers  returned 
to  Cinnabar  Mountain,  as  the  hill  on  which  they  had  made  the  find 
has  since  been  named,  where  they  spent  10  days  in  careful  search  and 
located  17  claims.  On  June  18  they  went  back  to  Mina  and  made 
known  their  find,  causing  an  intense  excitement,  and  that  afternoon 
olmost  every  citizen  of  the  town  left  for  the  site  of  the  discovery  by 
automobile  and  by  other  less  expeditious  conveyances.  A  large  num- 
ber of  claims  were  staked  by  the  first  comers  and  many  more  were 
afterward  staked  by  claimants  from  Tonopah.  Unfortunately  the 
amount  of  exploratory  and  development  work  has  not  been  propor- 
tional to  this  early  enthusiasm. 

The  discovery  was  widely  heralded  as  the  rediscovery  of  the  "  lost 
Hawthorne  quicksilver  mine,"  named  for  Judge  Hawthorne,  in  whose 
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honor  it  is  said  Hawthorne,  the  seat  of  Mineral  County,  is  named. 
According  to  local  report  Judge  Hawthorne  discovered  in  the  seven- 
ties a  rich  quicksilver  deposit,  which  is  believed  to  have  been  situ- 
ated at  the  site  of  the  recent  discoveries.  In  returning  from  the 
mountains,  so  it  is  said,  Hawthorne  lost  his  bearings,  and  although  he 
attempted  annually  ^o  the  end  of  his  life  to  find  the  "quicksilver 
mine"  he  remained  unsuccessful.  This  tradition  seems  highly  im- 
probable. The  original  discoverer — who  he  was  is  unknown — ^had 
done  some  veiy  substantial  exploratory  work  on  the  prospect.  In  his 
efforts  to  prove  his  find  he  had  blasted  out  a  considerable  mass  of 
solid  limestone,  and  as  further  tokens  of  his  activity  sticks  of  powder, 
fuse,  and  picks  lays  abandoned  at  the  prospect.  That  this  energetic 
prospector  lost  his  way  and  was  unable  to  find  the  prospect  at  which 
he  had  labored  is  not  easily  credible.  It  is  more  likely  that  he  aban- 
doned the  prospect  as,  in  his  judgment,  not  sufficiently  valuable. 

The  newconjers  have  found  considerably  richer  deposits  than  the 
unknown  pioneer  did,  and  have  shown  that  the  cinnabar  extends 
along  a  considerable  belt. 

OENEBAL  aEOLOOIC  FEATUBES. 

Cinnabar  has  been  found  at  a  number  of  places  along  a  belt  that  is 
about  2  miles  long  and  trends  northeastward.  The  main  area  com- 
prises the  hill  known  as  Cinnabar  Mountain.  Limestones  make  up 
the  bulk  of  this  hill,  although  some  dolomitic  graywacke,  composed 
of  angular  and  rounded  quartz  grains  and  of  angular  chert  particles 
embedded  in  a  cement  of  dolomite,  is  interstratified  with  them.  The 
strike  ranges  from  north  to  northeast,  and  the  dip  from  40°  to  70° 
NW.  The  limestones  carry  crinoid  fragments  and  other  obscure 
fossils,  and  are  probably  of  Paleozoic  age.  North  of  Cinnabar 
Mountain  graywacke,  slate,  and  chert  form  the  country  rock.  No 
igneous  rocks,  in  either  dikes  or  flows,  have  been  found  near  the  min- 
eral deposits.  Tertiary  lavas  appear  on  the  north  flank  of  the 
moimtains,  but  they  are  4  or  5  miles  from  the  cinnabar  belt. 

The  cinnabar  deposits  on  Cinnabar  Mountain  occur  in  fracture 
zones  in  limestone.  The  limestone  is  traversed  bv  thin  veinlets  of 
white  spar,  and  the  cinnabar  is  intergrown  with  the  calcite  or  dolo- 
mite of  the  veinlets  or  occurs  as  a  replacement  of  the  adjoining  wall 
rock.  The  intimate  penetration  of  the  cinnabar  into  the  body  of  the 
limestone  is  locally  a  notable  feature.  Stibnite  is  associated  with  the 
cinnabar  at  one  locality  only;  pyrite  and  marcasite,  characteristic 
associates  of  quicksilver  ores  the  world  over,  do  not  occur  in  the 
district. 

The  geologic  features  of  the  quicksilver  deposits  north  of  Cinnabar 
Mountain  are  somewhat  different.    At  the  Cinnabar  King  prospect 
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the  ore  consists  of  cinnabar  in  a  gangue  of  barite  and  the  deposit  is 
inclosed  in  a  country  rock  of  brecciated  chert.  Farther  north,  at  the 
Ked  Devil  prospect,  the  country  rock  is  graywacke  and  the  cinnabar 
is  disseminated  through  a  siliceous  gangue. 

Although  highly  encouraging  showings  of  cinnabar  ore  have  been 
uncovered  at  a  number  of  places  in  the  districi',  the  amount  of  pros- 
pecting so  far  done  is  insufficient  to  prove  that  the  linear  extent  of 
any  deposit,  let  alone  its  persistence  in  depth,  is  great  enough  to 
indicate  its  commercial  importance.  The  geologic  features  of  the 
deposits  appear  to  be  favorable  to  persistence  of  the  ore  in  depth  of 
the  grade  and  character  of  that  at  the  outcrop,  for  the  mineralization 
is  obviously  of  a  kind  in  which  the  deposition  of  the  cinnabar  was  not 
dependent  on  immediate  proximity  to  the  surface,  as  it  is,  for  exam- 
ple, in  quicksilver  deposits  that  are  formed  at  the  vents  of  hot  springs. 

The  prospects  at  which  the  most  exploratory  work  has  been  under- 
taken will  now  be  described. 

FEATTJBES  OF  THE  PBOSPECTS. 

Lost  ASteers  group. — ^The  Lost  Steers  group  consists  of  11  claims 
owned  by  Thomas  Pepper  and  Charles  Keough.  The  most  develop- 
ment work  so  far  accomplished  in  the  district  has  been  done  on  the 
claims  of  this  group.  At  the  lowest  workings  a  tunnel  about  75  feet 
long  has  been  driven,  but  its  course  is  such  that  it  fails  to  undercut 
the  ore  exposed  at  the  surface. 

A  zone  several  hundred  yards  long,  extending  from  the  mouth  of 
the  tunnel  on  the  north  to  the  open  cut  made  on  the  summit  of  the 
mountain  by  the  pioneer  prospector,  carries  cinnabar  at  intervals. 
The  geologic  features  are  essentially  similar  at  the  different  ex- 
posures. The  country  rock  is  a  fine-grained  dark  limestone,  which  is 
cut  by  veinlets  of  white  spar  and  is  sporadically  impregnated  with 
crystallized  cinnabar.  Locally  the  cinnabar  without  any  associated 
gangue  mineral  replaces  the  limestone,  and  such  occurrences  consti- 
tute a  very  high  grade  of  ore.  At  one  locality  some  bimches  of  stib- 
nite  have  been  found,  but  elsewhere  cinnabar  is  the  only  sulphide 
mineral  in  the  deposits.  At  the  different  occurrences  of  cinnabar 
along  the  zone  there  is  evidence  that  fracturing  of  the  limestone  was 
of  importance  in  the  genesis  of  the  ore.  Fgr  example,  at  the  shaft, 
which  is  about  6  feet  deep,  two  fairly  well  defined  walls,  52  inches 
apart,  can  be  seen.  They  trend  N.  40°  W.,  and  the  footwall,  which 
is  the  better  defined  of  the  two,  dips  70°  SW. 

The  cinnabar  shown  in  the  open  cut  on  the  Lost  Steers  claim  No.  1 
occurs  in  a  different  fracture  system  from  the  one  just  described. 
The  deposit  on  this  claim  lies  on  the  east  side  of  the  summit  of  Cin- 
nabar Mountain.    The  limestone  country  rock  strikes  north  and  dips 
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40°  W.  An  excellently  defined  wall,  striking  north  45®  W.  and 
dipping  70°  NE.,  forms  the  footwall  of  the  deposit.  The  lime- 
stone lying  upon  this  wall  is  reticulated  with  sparry  veinlets  of  cal- 
cite  carrying  cinnabar,  which  occurs  locally  in  considerable  masses 
characterized  by  splendent  cleavage  faces.  The  system  of  cinnabar- 
bearing  calcite  veinlets  extends  at  least  6  feet  from  the  footwalL 
Rarely  streaks  of  ore  make  out  into  the  footwall  zone. 

Keg  and  Barrel  prospect, — An  open  cut  at  this  prospect  shows  a 
well-defined  wall  striking  N.  30°  E.  and  dipping  70°  W.  The  coun- 
try rock — a  fine-grained  dark  dolomite — ^under  this  wall  is  netted 
with  white  veinlets  of  dolomite  averaging  a  fourth  of  an  inch  in 
thickness.  Coarsely  crystallized  cinnabar  occurs  in  the  veinlets  to 
some  extent,  but  mainly  as  a  replacement  of  the  adjoining  country 
rock. 

Cinnabar  King  prospect. — ^The  Cinnabar  King  prospect  is  a  short 
distance  north  of  Cinnabar  Mountain.  The  exploration  work  so  far 
done  consists  of  a  small  pit,  which  affords  but  inadequate  information 
as  to  the  nature  and  extent  of  the  occurrence  of  the  ore.  This  ex- 
poses the  face  of  a  body  of  ore,  about  4  feet  thick,  dipping  20°  N., 
as  far  as  can  be  determined  by  the  small  developments.  The  ore 
consists  of  barite  carrying  disseminated  cinnabar  and  averages  per- 
haps 4  per  cent  of  quicksilver.  The  general  country  rock,  unlike  that 
of  Cinnabar  Mountain,  is  a  highly  fractured  chert. 

Red  Devil  prospect, — This  prospect,  owned  by  A.  C.  Roach,  Eugene 
Grutt,  and  A.  Drew,  is  about  1^  miles  north  of  Cinnabar  Mountain. 
A  shallow  open  cut  discloses  a  body  of  good  grade  ore,  30  ihches  thick, 
apparently  dipping  at  a  low  angle  to  the  west.  The  ore  consists  of 
ocherous  cinnabar  in  a  fine-grained  siliceous  gangiie.  The  country 
rock  is  a  coarse  gray wacke  made  up  largely  of  flat  angular  fragments 
of  black  slate. 

DEPOSITS  EAST  OF  BEATTY. 

SITUATION  AND  DISCOVEBT. 

A  number  of  quicksilver  deposits  are  situated  6  miles  east  of 
Beatty,  Nye  County,  Nev.,  the  junction  of  the  Tonopah  &  Tide- 
water and  the  Las  Vegas  &  Tonopah  railroads.  The  quicksilver- 
bearing  area  lies  in  the  Fluorine  mining  district.  The  prospects  fall 
into  two  groups,  one  on  the  east  slope  of  Bare  Mountain  and  the  other 
on  the  northern  end  of  Yucca  Mountain,  3  miles  northeast.  Locally 
the  part  of  the  Bare  Mountain  group  of  hills  on  which  the  quicltsilver 
prospects  occur  is  known  as  Meiklejohn  Mountain.  The  area  is 
readily  accessible  by  roads  of  easy  grade.  The  topographic  features 
of  the  area  are  shown  on  a  scale  of  1 :  250,000  on  the  United  States 
Geological  Survey's  map  of  the  Furnace  Creek  quadrangle. 
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At  the  time  of  the  principal  activity  at  Rhyolite,  in  the  years  im- 
mediately following  1905,  prospectors  spread  out  into  the  neighbor- 
ing territory.  The  east  flank  of  Bare  Mountain  was  the  scene  of  con- 
siderable activity  in  the  search  for  gold,  and  on  the  Grochon  claim 
high-grade  gold  ore,  said  to  carry  tellurides,  was  found.  .  This  ore 
occurs  in  a  small  irregular  vein  of  fine-grained  quartz  showing  no 
metalliferous  constituents,  but  the  lowest  assays  are  reported  to  have 
run  as  high  as  $84  a  ton  in  gold.  This  created  much  excitement  at  the 
time,  and  the  camp  that  sprang  up  here  was  named  "Telluride." 
Quicksilver  ore  was  discovered  in  place  on  the  east  flank  of  Bare 
Mountain  by  J.  B.  Kieman  and  A.  A.  Turner  in  1908,  although  indi- 
cations of  cinnabar  had  been  found  somewhat  earlier.  Attention 
having  thus  been  drawn  to  the  occurrence  of  quicksilver,  it  was  soon 
shown  to  have  a  considerably  wider  distribution.  In  1912  a  10-ton 
Scott  furnace  was  built  in  Gold  Gulch  by  the  Telluride  Consolidated 
Quicksilver  Mining  Corporation.  It  is  on  the  northeast  slope  of 
"  Financier  Hill,"  as  it  is  locally  known,  one  of  the  low  hills  at  the 
northern  end  of  Yucca  Mountain,  where  this  range  merges  into  the 
hills  of  the  Bare  Mountain  group.  A  tunnel  some  1,100  feet  long, 
starting  near  the  furnace,  was  driven  under  this  hill,  which,  it  is  said, 
was  thought  to  contain  $22,000,000  worth  of  ore,  but  no  ore  was  found. 
The  company  then  leased  a  number  of  properties  on  Meiklejohn 
Mountain  and  operated  them,  hauling  the  ore  by  teams  to  the  fur- 
nace, a  distance  of  4  miles.  In  August,  1914,  the  company  became 
involved  in  financial  difficulties,  its  property  was  attached,  and  all 
work  was  suspended.  At  other  places  in  the  district  a  small  amount 
of  prospecting  was  in  progress  during  1914. 

GENERAL  GEOLOGIC  EEATT7BES.' 

The  general  country  rock  of  the  quicksilver-bearing  area  on  the 
east  slope  of  Bare  Mountain  is  a  fine-grained  gray  dolomite.  It  is 
rather  massively  bedded  and  has  imdergone  considerable  disturbance, 
so  that  its  stratification  is  not  readily  discernible,  but  south  of  Tellur- 
ide camp  the  beds  dip  20°  N.  The  age  of  the  rocks,  as  determined 
from  fossils  embedded  in  a  block  of  dolomite  kindly  sent  to  the  Geo- 
logical Survey  by  Mr.  A.  A.  Turner,  is  Silurian.  Dr.  Edwin  Kirk 
reports  that  the  fossils  include  the  species  named  below : 

Thecia  major.  Syringopora  sp. 

Coenltes  verticlllata.  Conchidium  (2  si)ecies). 

Favosites  crista  tus.  Pisocrinus  sp. 

1  The  broader  features  of  the  geology  and  their  relation  to  those  of  the  surrounding  ter- 
ritory have  been  discussed  by  S.  II.  Ball  in  A  geologic  reconnaissance  in  southwestern 
Nevada  and  eastern  California:  U.  S.  Geol.  Survey  Bull.  308,  1907.' 
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Dr.  Kirk  adds: 

This  collection  is  of  considerable  Interest,  as  it  fixes  rather  definitely  the 
age  of  the  widespread  Silurian  fauna  of  the  Western  States.  The  beds  cor- 
relate approximately  with  the  Fusselman  limestone  of  the  El  Paso  region  and 
the  Laketown  dolomite  of  Utah.  On  the  evidence  of  the  fossils  in  the  present 
lot  it  is  safe  to  j)lace  the  fauna  near  the  top  of  the  Niagaran. 

At  the  base  of  Bare  Mountain  a  narrow  belt  of  quartzite  appears 
between  the  dolomite  and  the  upper  edge  of  the  piedmont  alluvial 
slope. 

The  rocks  are  cut  by  a  number  of  porphyry  dikes.  Large  pheno- 
crysts  of  quartz  are  prominent  constituents  of  the  rock  of  these 
dikes.  In  fact,  after  the  dike  rock  has  become  scarcely  recognizable 
from  decomposition,  as  it  commonly  does,  only  the  quartz  crystals 
are  distinguishable  and  serve  to  reveal  the  identity  of  the  altered 
rock.  Feldspar,  and  biotite  also  appear  among  the  phenocrysts.  Ex- 
amination under  the  microscope  of  some  of  the  better  preserved  mate- 
rial from  the  Columbia  dike — which,  however,  has  been  altered  by 
the  development  of  pyrite,  dolomite,  and  chlorite — suggests  that  it 
is  a  quartz  diorite  porphyry.  The  dikes  are  possibly  related  in  origin 
to  the  igneous  masses  represented  by  the  pegmatites  that  are  common 
in  the  northern  part  of  the  range.* 

The  quicksilver-bearing  area  north  of  Meiklejohn  Mountain  is 
underlain  by  a  gently  dipping  succession  of  rhyolite  flows  and  tuffs. 
They  are  part  of  the  rhyolite  series  exposed  in  the  Bullfrog  district, 
where  they  attain  a  thickness  of  more  than  6,000  feet.^  They  are 
thought  by  Ball  to  be  of  early  Miocene  age. 

The  quicksilver  deposits  inclosed  in  the  dolomite  consist  of  masses 
of  opal  or  of  cryptocrystalline  silica  cariying  cinnabar;  those  in- 
closed in  the  rhyolites  consist  of  masses  of  opal  and  alunite  carrying 
cinnabar.  The  deposits  contain  no  other  metallic  sulphides,  such  as 
pyrite,  marcasite,  or  stibnite,  which  are  generally  associated  with 
quicksilver  ores.  The  gangue  commonly  contains  large  bodies,  in 
places  as  much  as  10  feet  thick,  consisting  of  a  soft  white  sub- 
stance, which,  as  shown  by  an  analysis  made  by  R.  K.  Bailey  in  the 
laboratory  of  the  Geological  Survey,  is  a  nearly  pure  hydrated  silica, 
namely,  silica,  90.46  per  cent;  water  (loss  on  ignition),  5.38  per  cent. 
This  substance  is  accordingly  a  pulverulent  variety  of  opal.  Al- 
though opal  of  the  hard,  massive  kind  is  the  predominant  gangue 
mineral  of  the  deposits,  various  forms  of  cryptocrystalline  silica, 
comprising  chalcedony  and  exceedingly  fine  grained  quartz  also 
occur.  Locally  all  three  of  these  forms  of  silica  are  intimately  asso- 
ciated in  the  same  deposit.    The  only  departure  from  the  prevailing 

»  Ball,  8.  H.,  op.  cit.,  pp.  155-150. 

*Uan8ome,  F.  L.,  Emmons,  W.  H.,  and  Garrey,  O.  H.,  Geology  and  ore  deposits  of  the 
Bullfrog  district,  Nevada:  U.  S.  (Jeol.  Survey  Bull.  407,  p.  31,  1910. 
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simple  mineralogy  of  the  district  is  that  shown  by  the  deposit  cut  in 
the  Banner  tunnel.  This  consists  of  a  chimney,  a  few  feet  in  dia- 
meter, of  shattered  dolomite  cemented  by  coarsely  crystalline  calcite 
and  barite  and  carrying  a  small  amount  of  cinnabar. 

The  quicksilver  ore  occurs  in  irregular,  erratic  shoots  in  the 
siliceous  masses.  In  the  dolomite  the  bodies  of  opal  and  crypto- 
crystalline  silica  are  commonly  small  and  are  erratically  distributed ; 
in  the  rhyolite,  however,  the  opalized  belts  extend  for  a  thousand 
feet  or  more  and  attain  widths  of  as  much  as  200  feet.  In  the 
opalized  rhyolite  the  quartz  phenocrysts  only  have  remained  intact; 
the  sanidine  phenocrysts  have  been  transformed  largely  into  alunite, 
the  hydrous  sulphate  of  aluminum  and  potassium,  and  the  rest  of 
the  rock  has  been  converted  into  opal,  or  into  pulverulent  hydrated 
silica,  with  which  is  associated  a  notable  amount  of  alunite.  The 
opalized  condition  of  the  rhyolites  is  readily  recognizable  by  the 
unaided  eye,  but  the  presence  of  the  alunite  l)ecomes  manifest  only 
under  the  microscope.  The  optical  determination  of  the  alunite  was 
verified  chemically  by  its  sulphate  reaction.  In  spite  of  the  pro- 
found alteration  of  the  rhyolite,  it  retains  with  remarkable  distinct- 
ness the  normal  appearance  of  an  igneous  rock. 

This  occurrence  of  alunite  with  cinnabar  is  of  scientific  interest, 
for  this  mineral  has  not  heretofore  been  recorded  in  association  with 
quicksilver  ores.  It  has,  however,  been  descril)ed  as  occurring  in 
considerable  quantity  in  the  sulphur  deposits  resulting  from  the 
solfataric  alteration  of  rhyolite  tuffs  at  Rabbit  Hole  Springs,  Nev., 
and  these  deposits  contain  traces  of  cinnabar.*  At  Goldfield,  which 
is  65  miles  northwest  of  the  quicksilver  deposits  near  Beatty,  alunite 
is  an  abundant  constituent  of  the  gold  ores.  A  quicksilver  deposit 
occurs  at  Goldfield;  but,  singularly  enough,  this  deposit,  believed 
by  Ransome^  to  be  a  result  of  the  same  mineralization  that  produced 
the  gold  lodes,  or  one  closely  preceding  or  following  it,  does  not 
contain  alunite,  the  mineral  so  characteristic  of  the  district. 

The  cinnabar  in  the  deposits  east  of  Beatty  is  not  present  in  quan- 
tities proportional  to  the  amount  of  opalization  and  alunization,  how- 
ever, but  occurs  sporadically  throughout  the  belts  of  altered  rhyo- 
lite. A  more  thorough  prospecting  of  these  belts  than  has  yet  been 
attempted  appears  advisable. 

FEATUBES  OT  THE  PBOSPECTS. 

Cinnabar  prospect. — ^The  Cinnabar  prospect,  owned  by  the  Denver- 
Bullfrog  Mining  Co.,  is  on  the  southeast  side  of  Meiklejohn  Moun- 

i  Adams*  Q.  I.,  The  Rabbit  Hole  sulphur  mines,  near  Humboldt  IIouro,  Nevada :  IT.  S. 
Geol.  Survey  Bull.  225,  pp.  499-500,  1904. 

«  Kansome,  F.  L.,  Goology  and  ore  deposits  of  Goldfield,  Nevada :  U.  S.  Geol.  Survey 
Prof.  Taper  66,  pp.  113,  174.  1909. 
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tain.  The  principal  development  work  is  a  tunnel  200  feet  long,  which 
intersects  the  cinnabar  deposit  at  a  depth  of  100  feet.  From  the 
portal  of  the  tunnel  a  gravity  tram  extends  to  the  base  of  the  moun- 
tain, 600  feet  below.  A  D  retort,  with  a  capacity  of  800  pounds  in 
12  hours,  has  been  installed  on  the  property,  and  some  flasks  of 
quicksilver  have  been  produced.  The  ore  body  has  been  worked 
mainly,  however,  under  lease  to  the  TeUuride  Consolidated  Quick- 
silver Corporation,  which  hauled  the  ore  to  their  furnace  on  Gold 
Gulch. 

The  country  rock  inclosing  the  ore  body  is  a  hard,  fine-grained 
arenaceous  dolomite.  At  the  outcrop  the  cinnabar-bearing  deposit 
has  a  length  of  about  125  feet;  in  the  tunnel  below,  about  70  feet. 
Opal  is  the  principal  gangue  mineral.  A  great  mass  of  opal,  gen- 
erally milk-white  in  color  and  more  or  less  porous  and  cavernous  in 
structure,  is  exposed  in  the  tunnel.  In  this  opal  there  are  large 
pockets  filled  with  soft,  white  hydrated  silica,  an  analysis  of  which  is 
given  on  page  04.  Some  of  these  masses  of  silica  are  6  to  10  feet 
thick.  Chalcedony  forms  an  insignificant  proportion  of  the  opal 
mass.  Locally  the  opal  containing  cinnabar  is  of  gem  quality,  and 
some  of  this  material  has  been  polished  and  placed  on  the  market. 

The  cinnabar  is  either  inclosed  in  the  opal  as  massive  mineral  or 
is  so  very  finely  disseminated  through  the  opal  as  to  give  it  a  blood- 
red  color.  Some  of  the  high-grade  cinnabar  ore,  as  determined  uncjer 
the  microscope,  proves  to  be  a  replacement  of  arenaceous  dolomite. 
Some  of  the  replaced  rock,  in  fact,  contains  sufficient  detrital  quartz 
to  be  a  dolomitic  sandstone.  The  quartz  grains,  many  of  which  are 
perfectly  rounded,  have  remained  intact,  but  the  dolomite  cement  in 
which  they  were  embedded  has  been  replaced  by  chalcedony,  opal, 
and  cinnabar.  Only  rarely  has  a  little  quartz  been  deposited  in 
optical  continuity  with  the  detrital  quartz  grains. 

Early  Bird  prospect, — ^The  Early  Bird  prospect,  which  is  owned  by 
the  Telluride  Consolidated  Quicksilver  Mining  Corporation,  is  on 
the  north  flank  of  Meiklejohn  Mountain,  near  its  base.  A  large  reef 
of  cryptocrystalline  silica  projects  prominently  above  the  inclosing 
limestone;  it  is  several  hundred  feet  long  and  at  its  maximum  is  over 
100  feet  wide.  It  contained  a  short,  narrow  shoot  of  high-grade  cin- 
nabar ore,  which  has  been  largely  removed  through  an  adit  cutting 
the  reef  at  a  shallow  depth. 

Mammoth  group. — The  claims  of  the  Mammoth  group  (Nos.  1, 
2,  and  3),  owned  by  the  Telluride  Consolidated  Quicksilver  Mining 
Corporation,  extend  along  a  belt  of  opalized  and  alunitized  rhyolite 
trending  N.  30°  W.  At  its  south  end  this  belt  is  several  hundred 
feet  wide.  The  main  work  has  been  done  on  Mammoth  No.  2,  where 
a  tunnel  50  feet  long  was  driven  into  a  porous,  cavernous  siliceous 
-nass,  evidently  representing  a  place  of  more  intense  alteration  of  the 


CINNABAR  DEPOSITS  IN  WESTERN   NEVADA.  67 

rhyolite.  A  number  of  open  cuts  and  shallow  shafts  have  been  ex- 
cavated at  other  points,  but  no  extensive  bodies  of  quicksilver  ore 
have  so  far  been  found. 

Mammoth  No>  5  claim. — The  Mammoth  No.  5,  owned  by  J.  F. 
(rrant  and  associates,  is  situated  on  another  belt  of  silicified  rhyolite, 
which  lies  somewhat  west  of  the  Mammoth  group  of  the  Telluride 
Consolidated  Co.  It  is  said  to  be  traceable  for  more  than  1,000  feet, 
but  has  been  prospected  only  by  a  few  shallow  open  cuts.  The  ore 
masses  consist  of  a  soft  white  material — ^hydrous  silica  mixed  with 
opal  and  alunite — carrying  finely  disseminated  cinnabar.  This  is 
traversed  by  irregular  veins  and  masses  of  white  opal  and  chal- 
cedony. The  ore  material  at  the  main  prospect  trench  is  the  product 
of  the  transformation  of  porphyritic  obsidian  by  siliceous  cinnabar- 
bearing  solutions. 

In  places  along  the  belt  of  silicified  rhyolite  outcrops  of  chalcedony 
and  opal  as  much  as  50  feet  wide  appear.  Although  the  best  ore  so 
far  found  occurs  in  the  soft,  pulverulent  material,  some  cinnabar  is 
locally  inclosed  in  the  hard  siliceous  reefs. 

RELATION   OP  THE  CINNABAR  DEPOSITS  TO  THOSE  OF 
THE  QUICKSILVER  BELT  OF  WESTERN  NEVADA. 

The  existence  of  a  quicksilver-bearing  belt  in  western  Nevada,  in 
Humboldt,  Esmeralda,  and  Nye  counties,  has  long  been  recognized. 
The  information  concerning  the  cinnabar  deposits  of  this  belt  has 
recently  been  assembled  by  McCaskey,^  who  contributes  also  a  de- 
scription of  the  ore  bodies  at  lone,  in  Xye  County,  the  locality  from 
which  the  principal  production  has  so  far  been  derived.  The  deposits 
east  of  Beatty  described  in  the  present  report  extend  the  quicksilver 
belt  considerably  farther  south. 

The  general  tendency  of  those  who  have  described  the  deposits  of 
this  belt  has  been  to  regard  them  as  genetically  connected  with  the 
Tertiary  and  Quaternary  volcanism  of  the  province.  The  phenomena 
observable  at  Steamboat  Springs  support  this  conjecture.  The  hot 
waters  issuing  from  these  springs  deposit  a  siliceous  sinter  which 
contains  cinnabar  and  amorphous  red  antimony  sulphide,  together 
with  lesser  quantities  of  other  metallic  sulphides.  According  to 
Becker  *  the  deposits  have  formed  close  to  the  edge  of  a  basalt  flow 
and  probably  result  from  the  volcanic  action  of  which  the  lava 
eruption  was  one  manifestation.  He  believes  that  the  water  issuing 
from  the  springs  comes  from  the  Sierra  Nevada;  that  it  descends 
to  great  depths,  where  it  becomes  heated  by  contact  with  subterranean 
masses  of  hot  basalt,  and  ascends  along  the  fissures  by  which  the  lava 

» McCaskoy,  11.  D.,  Quicksilver :  U.  S.  Geol.  Survey  Mineral  Resources,  1911,  pt.  1, 
pp.  906-909,  1912. 

2  Keeker,  O.  F.,  Geology  of  the  quicksilver  deposits  of  the  Pacific  slope :  U.  S.  GeoL 
Survey  Mon.  13,  pp.  338-sJ50,  1888. 
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reached  the  surface.  Concerning  the  genesis  of  the  other  quicksilver 
deposits  of  the  western  Nevada  belt,  opinions  have  been  less  precisely 
foiinulated,  although,  as  already  mentioned,  these  deposits  also  are 
regarded  as  of  "  volcanic  origin,"  but  probably  this  term  is  now  used 
in  a  sense  different  from  that  w^hich  Becker  had  in  mind. 

It  is  difficult,  however,  to  show  that  some  of  the  deposits  are  re- 
lated to  the  Tertiary  volcanism  of  the  province.  Ransome,^  in  fact, 
is  inclined  to  regard  the  quicksilver  deposits  of  the  Humboldt  Range 
as  of  early  Cretaceous  age.  The  same  difficulty  inheres  in  any 
attempt  to  connect  the  cinnabar  deposits  east  of  Mina  with  Tertiary 
eruptive  activity.  On  the  other  hand,  it  is  interesting  to  note  that  a 
quicksilver  deposit,  clearly  of  Tertiary  age,  occurs  in  the  volcanic 
rocks  at  Goldfield,  which  is  midway  between  Mina  and  Beatty.* 
The  deposits  near  Beatty  are  rather  obviously  associated  with  the 
Tertiary  volcairism  of  that  region.  This  association  raises  an  impor- 
tant problem,  for  in  the  Bullfrog  district,  a  few  miles  west  of  Beatty, 
the  gold  deposits,  according  to  Ransome,**  are  genetically  connected 
with  this  same  general  outburst  of  volcanism,  though  it  was  not  found 
possible  to  link  the  ore  deposition  with  any  particular  one  of  the 
many  magmas  that  solidified  as  the  lavas  now  exposed  in  the  district. 
Among  the  most  noteworthy  facts  shown  by  the  study  of  the  district 
is  the  remarkably  feeble  chemical  alteration  of  the  wall  rocks  of  the 
ore  bodies;  and  it  was  therefore  concluded  that  the  vein-forming 
solutions  were  dilute,  cool,  and  under  no  heavy  pressure.  Now  the 
notable  feature  of  the  quicksilver  deposits  in  the  rhyolites  east  of 
Beatty  is  the  intense  alteration  of  the  rocks — ^their  complete  silicifi- 
cation  and  alunitization  in  belts  hundreds  of  yards  long  and  as  much 
as  200  feet  wide.  This  profound  alteration  points  to  the  conclusion 
that  the  quicksilver-bearing  solutions  were  under  physical  and 
chemical  conditions  quite  different  from  those  that  prevailed  during 
the  deposition  of  the  auriferous  ores.  From  these  considerations  and 
from  others  arising  from  a  review  of  the  literature  of  the  subject  it 
appeal's  that  the  genetic  relation  of  the  cinnabar  deposits  to  the  many 
gold  deposits  scattered  through  the  western  Nevada  quicksilver  belt 
constitutes  an  interesting  problem  for  future  research. 


1  RanRome,  F.  L.,  Notos  on  some  mining  districts  In  IXumboldt  County,  Nev, :  U.  S.  Geol. 
Survey  Bull.  414,  pp.  46.  71,  1900. 

sRansome,  F.  L.,  (ieolojyy  and  ore  deposits  of  Goldfield,  Nev.:  II.  B.  Geol.  Survey  Prof, 
Pap^r  06,  p.  113,  1000. 

"  llanHome,  F.  L.,  GeoloRy  and  ore  deposits  of  the  Bullfrog  district,  Nevada :  U.  8.  Geol. 
Survey  Bull.  407,  p.  lO.'t,  1910. 


IRON  ORE  IN  CASS,  MARION,  MORRIS,  AND  CHEROKEE 

COUNTIES,  TEXAS. 


By  Ernest  F.  Burchard. 


INTRODUCTION. 

In  response  to  many  requests  received  by  the  Geological  Survey 
during  the  last  three  or  four  years  for  published  data  concerning 
the  iron-ore  deposits  of  northeastern  Texas,  it  was  directed  that  a 
reconnaissance  of  this  area  be  made  in  the  fiscal  year  1914-15.  Ac- 
cordingly the  writer  spent  four  weeks  in  northeastern  Texas  in  the 
autumn  of  1914,  a  most  opportune  time,  for  the  results  of  extensive 
prospecting  were  then  open  for  inspection.  The  following  notes 
on  the  ore  field  and  its  development  are  presented  in  the  hope  that, 
together  with  the  literature  listed  at  the  end  of  the  paper,  they  may 
furnish  the  essential  facts  concerning  several  of  the  most  favorably 
situated  of  the  promising  deposits.  The  reports  by  Dumble,  Ken- 
nedy, Penrose,  and  others  of  the  early  Texas  Survey  (1890-1892) 
contain  a  mass  of  data  concerning  outcroppings  of  ore  in  20  or  more 
counties,  but  as  they  are  not  illustrated  by  detailed  county  maps  the 
value  of  much  of  the  text  is  considerably  lessened.  Moreover,  these 
early  investigations  were  made  before  systematic  prospecting  of  the 
concretionary  ores  had  been  carried  on,  and  little  was  known  as  to 
their  vertical  extent  and  the  unoxidized  iron  carbonate.  The  lami- 
nated ore  bed  of  Cherokee  County  was  better  known,  because  it  had 
been  opened  by  mining  in  several  places. 

Two  brief  examinations  of  the  iron  ores  in  this  field  had  already 
been  made  by  the  United  States  Geological  Survey.  The  first  was  a 
reconnaissance  of  the  stratigraphy  and  the  iron-ore  deposits  by 
Lawrence  C.  Johnson*  in  188C-1888,  and  the  second  was  a  rapid 
reconnaissance  of  the  northeastern  part  of  the  ore  district  by  E.  C. 
Eckel*  in  1914.  Johnson's  report  does  not  consider  the  economic 
features  of  the  iron-bearing  deposits.    Of  his  own  work  Eckel  says : 

1  Johnson,  L.  C,  The  Iron  roKions  of  northern  Louisiana  and  eastern  Texas :  50th  Cong., 
1st  sess..  House  Ex.  Doc.  195,  1888. 

s  Eckel,  E.   C,  Iron  ores  of  northeastern  Texas :  U.   S.   Geol.   Survey   Bull.  260,   pp. 
848-S64,    1905. 
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"  Two  ends  were  in  view — a  brief  report  on  the  present  condition  and 
future  prospects  of  the  iron  industry  and  an  examination  of  the 
district  with  a  view  to  selecting  areas  for  more  detailed  work."  The 
report  was  brief,  it  described  conditions  at  comparatively  few  locali- 
ties, and  its  conclusions  with  regard  to  future  prospects  of  the  iron 
industry  might  now  be  regarded  as  conservative  in  the  light  of  the 
results  of  recent  prospecting. 

The  present  paper  is  essentially  a  preliminary  report,  but  it  is 
hoped  that  a  more  comprehensive  study  of  the  ore  deposits  may  be 
taken  up  in  the  near  future.  The  Survey  will  therefore  appreciate 
the  receipt  from  interested  citizens  of  any  additional  data  that  may 
be  obtained  by  prospecting  in  this  field. 

The  work  of  the  University  of  Texa§  Bureau  of  Economic  Geology 
and  Technology  on  the  iron  ores  of  northeastern  Texas  in  1910  to 
1914,  imder  the  direction  of  William  B.  Phillips,  has  comprised  the 
publication  of  a  general  map  of  the  iron-ore  fields,  the  summarizing 
of  ore  analyses  and  other  data  of  the  early  Texas  Survey,  published 
mainly  in  papers  devoted  to  the  iron  trade,  the  examination  of  cer- 
tain of  the  important  ore  deposits,  and  studies  of  methods  for  the 
concentration  of  the  ores. 

The  writer  is  under  obligations  to  Dr.  Phillips  for  valuable  data 
placed  at  his  disposal.  Others  to  whom  special  acknowledgments 
are  due  are  Prof.  Alexander  Deussen,  of  the  University  of  Texas; 
Col.  L.  P.  Featherstone,  of  Longview,  Tex.,  president  of  the  East 
Texas  Brown  Ore  Development  Co.;  and  H.  A.  O'Neal,  vice  presi- 
dent, E.  E.  Vaughan,  general  manager,  and  J.  J.  Skinner,  chemist, 
of  the  Texas  Iron  Association,  Atlanta,  Tex. 

LOCATION  AND  EXTENT  OF  ORE  FIEIjD. 

The  iron-ore  district  of  northeastern  Texas  lies  between  parallels 
Sr  30'  and  33°  30'  X.  and  meridians  94°  and  96°  W.  and  measures 
roughly  about  135  miles  from  north  to  south  and  110  miles  from  east 
to  west.  (See  fig.  3.)  Deposits  characterized  as  brown  iron  ore  have 
been  noted  by  the  Texas  Geological  Survey  in  the  following  21 
counties  within  this  area :  Anderson,  Camp,  Cass,  Cherokee,  Gregg, 
Harrison,  Henderson,  ITopkins,  Houston,  Marion,  Morris,  Nacog- 
doches, Panola,  Rusk,  Sabine,  San  Augustine,  Shelby,  Smith,  Up- 
shur, Van  Zandt,  and  Wood.  The  distribution  of  these  ores,  with 
the  exception  of  certain  deposits  in  Camp,  Hopkins,  and  Upshur 
counties,  is  shown  in  a  general  way  on  Plate  IV  of  the  Second  An- 
nual Report  of  the  Texas  Geological  Survey,  published  in  1890.  A 
later  map,  showing  the  same  ore  deposits  with  minor  additions  and 
including  also  the  lignite  outcrops  and  mines,  blast  furnaces,  and 
producing  oil  fields,  was  published  in  1912  by  William  B.  Phillips, 
director  of  the  University  of  Texas  Bureau  of  Economic  Geology 
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and  Technology.  South  and  southwest  of  this  area  isolated  deposits 
of  brown  ore  have  been  noted  in  several  counties,  one  of  consider- 
able extent  in  Gonzales  County  having  been  recently  visited  by 
Dr.  Phillips.' 
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Topographic  maps  of  the  Daingerfield,  Linden,  and  Atlanta  15- 
minute  quadrangles,  all  in  the  northern  part  of  the  iron-ore  field, 
have  been  issued  by  the  United  States  Geological  Survey.  The  New 
Boston  and  Texarkana  15-minute  quadrangles,  in  the  next  tier  north, 
have  also  been  mapped,  but  they  lie  beyond  the  area  of  the  ore  field. 
These  maps  are  printed  on  a  scale  of  1 :  62500,  or  about  1  mile  to  1 
inch,  with  20-foot  contour  intervals.  The  price  of  each  map  is  10 
cents. 

THE  IRON  ORE. 

TOPOGBAPHIC  B.ELATIONS. 

The  surface  of  northeastern  Texas  is  a  plateau,  450  to  600  feet 
above  sea  level,  that  has  been  moderately  dissected  by  erosion  to 
depths  of  200  to  400  feet.  Much  of  the  surface  is  gently  rolling, 
with  shallow  stream  valleys,  but  the  highest  portions  of  the  fonner 
plateau  are  now  flat-topped  ridges  with  steep  slopes  incised  by  sharp 
ravines.  These  flat-topped  ridges  are  generally  narrow  and  crooked 
and  have  many  spurs  or  branches.  In  places,  however,  they  widen 
out  into  level  areas  a  mile  or  more  in  width.  These  high  level  areas 
are  particularly  w^ell  developed  in  Cherokee  County.  They  have  per- 
sisted because  of  the  greater  resistance  to  erosion  offered  by  certain 
beds  of  hard  sandstone  and  limonite  with  which  they  are  capped. 

GEOLOGIC  RELATIONS. 

In  the  iron-ore  district  of  northeastern  Texas  the  surface  rock 
formations  consist  chiefly  of  sand,  clay,  gravel,  and  silt,  varying 
greatly  in  their  degree  of  induration  but  predominantly  soft  or  little 
consolidated.  The  most  recent  deposits — those  that  form  the  bars, 
flood  plains,  and  terraces  of  streams — are  of  Quaternary  age,  but 
the  great  masses  of  sand  and  clay  with  which  the  iron-ore  deposits 
are  associated  are  of  early  Tertiary  age  (Eocene). 

The  two  Eocene  formations  which  contain  the  principal  deposits 
of  brown  ore  are  termed  the  Mount  Selman  formation  and  the  Cook 
Mountain  formation.  These  formations  constitute  the  lower  two- 
thirds  of  the  Claiborne  group.  They  overlie  the  AVilcox  formation, 
which  is  also  widespread  in  the  area,  and  to  the  south  they  underlie 
the  Yegua  formation,  the  topmost  formation  of  the  Claiborne  group. 
The  most  recent  outline  of  the  stratigraphy  of  eastern  Texas  is  that 
given  by  Deussen,^  whose  paper  is  illustrated  by  a  geologic  map 
that  groups  together  the  Mount  Selman  and  Cook  Mountain  for- 
mations, but  in  more  detailed  mapping  it  may  be  possible  to  dif- 
ferentiate the  two  formations.    It  has  been  determined  that  of  the 


^  Deussen,  Alexander,  Geology  and  underground  waters  of  the  Boutheastem  part  of  the 
Texas  Coastal  Tlain :  U.  S.  Geol.  Survey  Water-Supply  Paper  835,  pp.  20-83,  1014. 
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deposits  discussed  in  this  paper  those  of  the  northern  counties,  Cass, 
Morris,  Marion,  and  Upshur,  are  comprised  in  the  Mount  Sebnan 
formation,  and  those  near  Rusk,  Cherokee  County,  in  the  Cook 
Mountain  formation.  The  occurrence  of  the  northern  deposits  in 
the  lower  rocks  is  due  to  the  fact  that  the  strata  have  a  slight  dip  in 
a  south-southeasterly  direction,  so  that  the  surface  bevels  the  edges 
of  the  rocks,  exposing  the  older  formations  progressively  northward 
and  northwestward. 

A  succinct  description  of  the  surface  formations  in  this  iron-ore 
district  can  best  be  given  by  adapting  those  portions  of  Deussen's 
outline  of  the  Cenozoic  deposits  of  the  Texas  Coastal  Plain  ^  which 
i*elate  to  the  area. 

Outline  of  geologic  formations  in  northeastern  Texas  brown-ore  district. 


System. 

Series. 

Group  and  forma- 
tion. 

1 

Thick- ,                                     T  ifk^i^rw^ 
nfts.v                                        Lithology. 

Quaternary 

Recent. 

Fed. 
0-50 

Fluviatile  deposits,  consisting  of  brown,  red,  or  black 
sandy  clay  or  silt  of  the  low  overflow  terraces  of  the 
streams;  also  present  flood-plain  materials,  includ- 
ing sand  and  gravel  bars. 

Erosion  In- 
terval. 

Eocene. 

Claiborne  group. 

Cook  Moun- 
tain    for- 
mation. 

400 

Palustrlne  and  marine  deposits,  consisting  of  lenticu- 
lar masses  of  yellow  sand  and  clay;  in  places, 
lenses  of  green  calcareous,  glauconitic,  fossfliferous 
marl.  Beds  of  limonite  and  lignite.  Some  of  the 
clays  carry  fossiliferous  calcareous  concretions. 
Formation  as  a  whole  is  decidedly  ferruginous. 

Tertiary. 

Mount  Sel- 
man    for- 
mation. 

350 

Palustrineand  marine  deposits, consisting  of  red,  fer- 
ruginous indurated  and  probablv  altered  green 
sand,  with  casts  of  shells,  lenses  of  lignite  and  clay, 
and  beds  and  concretions  of  llmonit«.  The  forma- 
tion as  a  whole  is  conspicuously  ferruginous. 

WIloox  formation. 

Palustrlne,  marine,  and  littoral  deposits.  Does  not 
carry  ferruginous  deposits  of  Importance. 

The  Wilcox  formation,  which  is  the  oldest  one  exposed  in  the 
brown-ore  district,  occupies  portions  of  Anderson,  Henderson,  Van 
Zandt,  Smith,  Gregg,  Wood,  Hopkins,  Titus,  Camp,  Upshur,  Chero- 
kee, Rusk,  Marion,  Harrison,  Panola,  Shelby,  Nacogdoches,  San 
Augustine,  and  Saline  counties.  It  does  not  carry  ferruginous  depos- 
its of  economic  importance. 

The  Mount  Selman  formation  is  exposed  in  parts  of  Anderson, 
Henderson,  Cherokee,  Rusk,  Gregg,  Harrison,  Marion,  Morris,  and 
Cass  counties.  The  Cook  Mountain  formation  is  exposed  in  Houston, 
Anderson,  Cherokee,  Nacogdoches.  San  Augustin,  and  Sabine  coun- 
ties.   As  indicated  in  the  outline  above,  the  Mount  Selman  and 
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Cook  Mountain  formations  are  lithologicallj  similar,  although  the 
Cook  Mountain  may  carry  more  clay.  The  deposits  of  brown  ore 
referred  provisionally  to  these  two  formations  differ  in  certain 
important  respects,  as  will  be  shown  in  this  paper. 

All  the  deposits  of  iron  ore,  including  both  limonite  and  iron  car- 
bonate, so  far  as  observed  by  the  writer,  are  associated  with  glau- 
conitic  sand.  Where  the  sand  is  more  sparingly  glauconitic  the 
deposits  are  leaner  in  iron,  and  in  beds  that  are  composed  only  of 
silica  sand  no  ferruginous  deposits  that  could  be  termed  iron  ore  are 
found.  Iron  pyrite  has  been  observed  in  the  unoxidized  zone,  but  in 
relatively  minute  quantities,  and  to  it  can  not  be  ascribed  so  im- 
portant a  part  in  the  genesis  of  the  ore  as  is  evidently  played  by 
glauconite.  The  proximate  source  of  the  iron  is  believed  to  be  the 
ferruginous  sands  and  clays  that  inclose  the  ores,  but  it  is  probable 
that  the  ores  themselves  assumed  their  present  form  after  the  Clai- 
borne sediments  were  deposited  and  had  become  a  land  area.  All  the 
ore  material  may  have  passed  through  the  carbonate  stage  before  l)e- 
coming  oxidized,  but  there  is  evidence  that  some  of  the  limonite 
deposits  near  the  surface  are  migrating  downw^ard  through  solution 
and  redeposition. 

CHABACTER. 

Mineralogy. — The  ore  consists  chiefly  of  limonite,  or  hydrated 
sesquioxide  of  iron  (2Fe203.3H20),  but  it  includes  other  hydrated 
oxides  of  iron  and  is  popularly  termed  brown  ore.  There  are,  how- 
ever, many  deposits  of  limonite  which  are  found  to  grade  into  iron 
carbonate  (FeCOg)  of  varying  degrees  of  purity  below  the  oxidized 
or  weathered  zone.  The  brown  ore  and  the  carbonate  ore  both  con- 
tain more  or  less  silica  and  alumina  and  other  impurities,  as  indicated 
in  the  chemical  analyses.     (See  pp.  86,  88,  90,  94,  96,  97.) 

Form  of  deposits, — Both  the  brown  ore  and  the  iron  carbonate 
occur  in  nodular  and  geodal  forms  segregated  in  glauconitic  sand  and 
clay  in  thin  lenses  and  irregular  ledges,  and  also  as  more  or  less  honey- 
combed thin  sheets  and  layers,  fine  fragments,  crusts,  small  isolated 
nodules,  and  irregular  masses  of  almost  endless  variety.  Unconsoli- 
dated material,  residual  from  the  breaking  down  of  such  masses,  is 
found  in  many  places  at  the  surface.  The  brown  ore  occurs  also, 
particularly  in  central  Cherokee  County,  in  a  rather  persistent  lami- 
nated bed,  1^  to  4  feet  thick,  near  the  top  of  the  highest  table-land. 
Another  common  form  of  ferruginous  deposit  is  the  conglomerate 
that  crops  out  on  the  sides  of  many  stream  valleys  and  is  even  in 
process  of  formation  in  certain  stream  beds  to-day.  This  conglom- 
erate occurs  as  local  lenses  composed  of  pebbles  of  sandstone,  which 
is  more  or  less  ferruginous  itself,  pebbles  of  limonite,  and  locally  a 
few  white  quartz  pebbles  and  angular  fragments  of  silicified  wood, 
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the  whole  being  cemented  together  by  limonite.  Bowlders  of  this 
conglomerate  reach  thicknesses  of  more  than  2  feet  in  places,  but  it 
can  not  be  considered  as  an  iron  ore. 

The  principal  forms  of  the  iron-ore  deposits  may  thus  be  sum- 
marized as  (1)  residual,  unconsolidated  deposits  of  limonite;  (2) 
nodular,  geodal,  and  concretionary  masses  of  limonite  and  iron  car- 
bonate; (3)  laminated  beds  of  limonite. 

DISTBIBUTION  OF  DEPOSITS. 

Ferruginous  deposits  such  as  are  described  above  are  characteristic 
of  the  Mount  Selman  and  Cook  Mountain  formations  wherever  they 
are  exposed  in  the  21  counties  of  northeastern  Texas  heretofore 
enumerated,  but  in  only  6  or  7  of  these  counties  have  the  deposits 
appeared  of  sufficient  promise  to  warrant  prospecting  or  develop- 
ment. Foremost  among  the  counties  that  contain  promising  deposits 
of  brown  ore  are  Cass,  Morris,  Marion,  and  Cherokee,  which  are  dis- 
cussed in  this  paper.  Other  counties  that  may  be  considered  as  hav- 
ing deposits  of  possible  future  value  are  Upshur,  Harrison,  Ander- 
son, and  Henderson.  All  these  counties  were  visited  by  the  writer 
during  the  recent  reconnaissance,  and  particular  inquiry  was  made 
regarding  possible  areas  in  other  counties,  such  as  are  indicated  by 
the  Texas  State  maps,  but  in  view  of  the  information  obtained  and 
the  short  time  available  it  was  not  considered  important  to  extend  the 
reconnaissance  farther  at  that  time.  There  are,  doubtless,  within 
certain  remaining  counties,  not  visited  by  the  writer,  many  deposits 
of  brown  ore  which  might  be  worthy  of  development  if  they  were 
situated  adjacent  to  a  railroad  but  which  do  not  warrant  the  con- 
struction of  a  single  mile  of  spur  track  and  from  which  it  will  not 
pay  at  present  to  haul  ore  by  wagons. 

DEPOSITS  IN  CASS  COXJNTT. 
BOWIE  HILL. 

Some  of  the  most  important  deposits  of  brown  ore  in  Texas  are 
within  Cass  County,  but  here,  as  elsewhere,  the  deposits  are  widely 
separated.  Certain  of  these  deposits  are  within  the  Atlanta  15- 
minute  quadrangle,  mapped  by  the  United  States  Geological  Survey. 
One  of  the  best  known  of  these  deposits  is  on  Bowie  Hill,  about  7 
miles  due  north  of  Atlanta  and  2  miles  west  of  the  Texas  &  Pacific 
Railway  (fig.  3,  No.  1).  -Bowie  Hill  is  a  flat-topped  wooded  ridge. 
If  miles  long,  the  highest  part  of  which  is  about  200  feet  above  the 
bayous  in  the  surrounding  country,  or  460  feet  above  sea  level.  The 
hill  has  resisted  erosion  more  successfully  than  neighboring  areas,  on 
account  of  a  cap  of  ferruginous  beds  above  the  400- foot  level. 
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The  brown  ore  on  Bowie  Hill  is  found  in  the  top  15  to  35  feet  ot' 
the  highest  land  on  the  hill.  A  generalized  section  from  many  test 
pits  and  prospect  trenches  is  as  follows: 

Oencralizcd  section  of  ore-braring  beds  on  Bowie  Hill. 

Residual  fragments  of  limonite  in  top  soil,  in  places  prnc-     Feet, 
tically  solid  ore  gravel 1-3 

Ledge  of  nodular  limonite,  more  or  less  solid i-H 

Scales  and  thin  bands  of  limonite,  with  a  few  thicker  layers 
or  ledges  Inter  lamina  ted  with  glauconitic  sandy  layers. 
The  limonite  in  this  condition  ranges  from  pieces  of  the 
thickness  of  small  chips  up  to  masses  1^  feet  thick  and  is 
scattered  through  yellowish  to  red  sand  and  clay.  It 
occurs  in  overlapping,  roughly  lenticular  streaks,  or 
broken  and  discontinuous  seams.  The  limonite  constitutes, 
in  the  sections  observed,  20  to  SO  per  cent,  by  volume,  of 
the  dirt    Thickness  of  limonitic  sand  and  clay 12-15 

Iron  carbonate  in  nodular  masses  from  the  diameter  of  an  . 
acorn  up  to  0  inches,  or  in  thin  irregular  lenses,  embedded 
or  interstratifled  in  glauconitic  sand  and  greenish-black 
clay  called  "  buckfat "  clay.  The  iron  carbonate  is  in  gen- 
eral partly  altered  to  limonite  or  to  reddish  hydrated 
oxides  of  iron,  wliich  form  a  scale  or  crust  of  varying  thick- 
ness around  the  carbonate  nucleits  and  along  cracks  which 
intersect  the  masses.  Thickness  of  exposed  portions  of 
the  unoxidiased  beds 1-5 

A  section  of  the  upper  portion  of  the  ore-bearing  ground  measures 
in  detail  as  follows: 

Section  of  cut  at  east  end  of  washer  trestle,  Bowie  Hill, 

Ft.  in. 

1.  Soil,  roots,  and  limonite  debris 1-6 

2.  Limonite  in  layers  1  inch  to  4  inches  thick 8-12 

3.  Reddish-yellow  sand,  in  part  glauconitic 0-16 

4.  Limonite  ledge  with  wavy  and  crumpled  layers—  6-15 

5.  Yellowish  -  red    glauconitic    sand    with    ocherous 

nodules  and  flakes ^11 

6.  Limonite  ledge  with  wavy  and  crumpled  layers 

interstratifled  with  a  little  yellowish  clay  and 
glauconitic  sand.  (Nos.  4  and  6  come  together. 
No.  5  forming  a  wedge  between) 1-5 

7.  Reddish  clay  and  yellow  sand,  mostly  glauconitic, 

with  ocherous  nodules  and  lenses 1      1-3 

8.  Limonite  in  ^-iuch  to  2-inch  bands,  interstratifled 

with  glauconitic  sand  and  running  into  ocher 2-3 

9.  Yellow    glauconitic    sand,    with    small    ocherous 

lenses 10 

10.  Limonite  streak  running  into  ocher ^-1 

11.  Yellow  glauconitic  sand 3 

12.  Ocherous  clay 1 

13.  Yellow  glauconitic  sand 4 
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Ft        In. 

14.  Llmonite  ledge,  with  slightly  wavy  lamlniC  contain- 

ing thin  seams  of  ocher  and  glauconitic  snnd 1        9 

15.  Yellow  sand,  not  glauconitic 1 

16.  Limonite  ledge,  base  concealed 1 

Other  members  besides  No.  5  of  this  section  are  more  or  less  wedge 
shaped  as  exposed,  and  the  great  variability  in  thickness  and  extent 
of  all  the  brown-ore  members  is  easily  demonstrated  by  the  use  of 
a  pick,  and  is  shown  in  the  following  two  sections,  displayed  35  feet 
apart  in  the  same  trench : 

Section  at  face  of  trench  south  of  vyagon  road,  Bowie  Hill. 

Ft.        In. 

Soil  and  brown-ore  debris 2          4 

Reddish  Siind 8 

Limonite 6-11 

Reddish   amd 10-14 

Limonite 2^-6 

Reddish  glauconitic  sand  with  light  clay  streaks 20-24 

Limonite 2-6 

Reddish    glauconitic    sand    with    four    thin    crusts    of 

limonite 1          1 

Reddish  glauconitic  sand  with  light  clay  streaks 1          3 

Limonite    4 

White  and  yellow  clay  and  glauconitic  sand 3-4 

Limonite    3-4 

White  clay  and  yellow  glauconitic  sand 1          0 

Limonite 4-6 

Reddish-yellow  glauconitic  sand 1          3 

Reddish  clay,  becoming  greenish  black  at  base 6-7 

Iron  carbonate,  concretionary  layer 6 

Base  concealed  by  water. 

Section  at  Hide  of  trench  south  of  wagon  road,^  Bowie  Hill, 

Ft.        In. 

Soil  and  limonite  debris 2          1 

Limonite  layer,  broken  and  interstratifled  with  glaucon- 
itic sand  and  clay 7 

Reddish  clay  and  glauconitic  sand  containing  limonite 

fragments 1          6 

Limonite  streaks  and  crusts  in  glauconitic  sand  and 

clay  (about  25  i>er  cent  limonite) 2          6 

Yellow  glauconitic  sand  with  white  clay  streaks 1          4 

Limonite,  in  wavy  and  honeycombed  layer 6 

White  to  reddish  clay 7 

Limonite,  in  irregular  seam 1-2 

White  to  reddish  clay  with  limonite  fragments 5-8 

Limonite    11 

Yellow  glauconitic  sand 7 

Ocherous  sand 1 

Yellow  glauconitic  sand 3 

Limonite  and  ocherous  sand 2-3 
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Ft         In. 

Yellow  glaueonitlc  sjind  and  ocherous  uodnleR 1          0 

Llmonite i-U 

White   clay 1 

Yellow  glaueonitlc  sand  with  white  clay  streaks  and  a 

little  limoaite 7 

Base  concealed  by  water. 

The  old  Sulphur  Fork  iron  furnace  was  built  near  Bowie  Hill,  west  of 
Springdale,  in  1864,  and  operated  until  April,  1865. 

There  are  other  small  knobs  and  narrow  ridges  within  a  radius 
of  2  miles  of  Bowie  Hill  on  which  small  residues  of  ferruginous 
material  are  present,  but  probably  not  in  large  enough  areas  to  be 
worked  independently. 

NORTHWEST   OF    ATLANTA. 

Two  deposits  of  brown  ore  were  noted  northwest  of  Atlanta,  one 
about  2  miles  and  the  second  about  6  miles  from  the  town  and  about 

1  mile  southeast  of  Anti  School  (fig.  3,  No.  2).  In  the  first-named 
area  there  are  good  surface  showings  of  ore,  but  little  prospecting  has 
been  done.  In  the  other  area,  which  is  known  as  the  Waters  tract, 
the  surface  above  the  400-foot  contour  ai)pears  to  be  covered  by  a 
concentrated  deposit  of  loose  residual  brown  ore,  in  places  1  foot  to 

2  feet  thick,  ranging  from  fine  gravel  to  6-inch  lumps  mixed  with 
some  dirt.  Here  a  number  of  prospect  pits  6  to  35  feet  in  depth  have 
disclosed  a  promising  though  small  area  of  ore.  The  distance  to  the 
Texas  &  Pacific  Railway  at  Queen  City  is  5  miles  in  an  air  line. 

NEAR  BIVINS. 

The  next  and  last  fairly  large  area  of  brown  ore  within  the  Atlanta 
quadrangle  lies  5  J  to  7 J  miles  southwest  of  Atlanta  and  1  to  3  miles 
northwest  of  the  Texas  &  Pacific  Railway  at  Bivins  (fig.  3,  No.  3). 
The  ore-bearing  area  occupies  the  upper  part  of  a  branching  wooded 
ridge  and  lies  generally  above  the  360-foot  level.  Some  mining  of 
concretionary  limonite  near  the  surface  was  carried  on  in  former 
years  to  supply  the  blast  furnace  at  Jefferson,  Tex.  Only  lump  ore 
was  taken,  and  the  dumps  contain  much  ore  that  might  pay  to  wash. 
This  area  has  been  prospected  by  numerous  shallow  test  pits,  most  of 
which  show  good  ore  in  a  ledge  6  to  8  inches  thick  near  the  surface 
and  some  of  which  show  two  or  three  more  lodges  below,  besides  thin- 
ner seams  and  crusts.  Most  of  the  pits  here  are  not  more  than  8 
feet  deep  and  are  too  shallow  to  demonstrate  the  presence  of  ore  at 
levels  comparable  with  certain  other  tracts  of  ore  land  in  Cass 
County,  but  it  is  reported  that  this  area  is  to  be  prospected  deeper 
with  the  Keystone  drill. 

The  limonite  near  Bivins  is  associated  with  oxidized  glaueonitlc 
sand,  but  this  sand  appears  to  be  leaner  in  glauconitic  oolites  and  to 
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include  a  larger  proportion  of  silica  sand  than  that  of  certain  areas 
that  have  been  demonstrated  to  contain  rich  ore.  Two  deep  pros- 
pect pits  showed  at  the  bottom  iron  carbonate  in  concretionary  and 
lenticular  forma 

NORTH  OF  LINOEN, 

In  the  Linden  quadrangle,  which  adjoins  the  Atlanta  quadrangle 
on  the  west,  thei'e  are  several  areas  of  brown  ore,  one  of  the  largest 
of  which  occupies  the  wooded  table-land  in  the  vicinity  of  Central 
Grove  School,  4  to  5^  miles  north  of  Linden  (fig.  3,  No.  4).  This 
area,  known  locally  as  the  Surratt  tract,  is  cut  by  the  headwaters 
of  Bowman  Creek,  along  the  lateral  slopes  of  which  limonite  crops 
out  in  heavy  ledges,  generally  1  foot  or  more  thick,  and  there  is  also 
much  debris  scattered  over  the  slopes.    The  general  altitude  of  the 
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top  ledge  is  about  410  feet,  and  below  this  for  35  feet  or  more  frag- 
ments and  layers  of  limonite  a  quarter  of  an  inch  to  8  or  4  inches 
thick  are  found  Kcattered  throughout  the  sand  and  clny.  Two  pros- 
pect trenches  on  both  the  east  and  west  sides  of  Bowman  Creek  show 
clearly  the  relations  of  the  limonite,  glnuconitic  sand,  and  clay  and 
the  fairly  sharp  line  of  demarcation  between  the  oxidized  zone,  con- 
taining limonite  and  yellowish  to  reddish  glanconitic  sand,  and  the 
unoxidized  zone,  containing  iron  carbonate  and  green  glanconitic 
sand  and  greenish  clay,  or  "buckfat."  This  unweathered  zone  does 
not  anywhere  extend  to  the  face  of  the  hill  but  is  roughly  parallel  to 
the  surface,  at  15  to  30  feet  from  it,  except  below  ground-water  level. 
The  area  has  been  prospected  also  by  many  test  pits  and  some  drill 
holes.  On  the  pine-forested  upland,  which  is  surfaced  by  light-col- 
ored sand,  there  is  little  or  no  suggestion  of  limonite  l)elow,  yet  good 
bhowings  are  obtained  in  most  of  the  prospects.     (See  fig.  4.) 
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The  following  section  of  the  trench  on  the  east  side  of  Bowman 
Creek,  near  the  experimental  concentrating  plant,  is  typical  of  the 
beds  in  this  vicinity,  except  that  the  top  ore  ledge  is  not  well  repre- 
sented. 

Section  of  prospect  trench  on  Bowman  Creek  4 J  miles  north  of  Linden. 

Top  soil  and  sand,  with  lumps  of  indurated  glauconitic    Ft.        in. 
sand 2  3 

Nodules  of  limonite t 3 

Sand   and   clay 2 

Limonite    2-4 

Reddish  clay  and  glauconitic  sand 10 

Ore-bearing  material,  consisting  of  glauconitic  sand  with 
a  little  red  clay.  Contains  20  or  more  thin  seams  of 
limonite,  i  to  i  inch  thick.  These  seams  lie  practically 
flat.  Some  of  them  are  sandy,  and  many  are  coated 
with  layers  of  glauconitic  sand,  luirt  of  which  may  be 
separated  by  washing.     Some  of  the  glauconitic  sand 

is  indurated  in  thin  seams 4        10 

Glauconitic  sand  and  white  to  yellow  clay 1  0 

Limonite   3 

Glauconitic  sand  and  white  to  yellow  clay 8 

Limonite   •_ 2 

Glauconitic  sand  and  white  to  yellow  clay 3 

Limonite    3-4 

(rlauconitic  sand  with  fragments  of  limonite 2  C 

Limonite    3 

Glauconitic    sjind 3 

Limonite   2i 

Glauconitic  sand 1  3 

Limonite  mixed  with  sand 7 

Glauconitic   sand   with   18   to   20   strealts   of  ocherous 

limonite 8  4 

Iron  carbonate  altered  to  limonite  on  top.  The  car- 
bonate ore  contains  flakes  of  lignite 5 

(A  shaft  has  been  dug  below  the  level  of  the  trench 
at  this  point  and  Is  reported  to  show  yellow  to 
greenish  glauconitic  sand  and  iron  carbonate  down 
for  a  depth  of  36  feet.) 
Reddish-yellow  glauconitic  sand  with  a  little  red  clay 
and  much  limonite  in  broken  seams,  fragments,  and 
Isolated  nodules.  This  material  has  been  estimated 
as  capable  of  yielding  25  to  30  per  cent  by  volume 

of  limonite 10  6 

(Here  the  section  begins  50  feet  nearer  the  slope  of  the 

hill,  in  oxidia^  material  again.) 
Greenish- white  clay  with  a  few  streaks  of  glauconitic 
sand  and  a  little  limonite.    The  lowest  seam  of  limo- 
nite is  1  to  3  Inches  thick  and  aiipears  to  be  the  base 

of  the  ore-bearing  material * 4  4 

White  tc»  yellowish  fine  sand  containing  a  little  clay 5  0 
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There  are  several  areas  of  brown  ore  in  the  Linden  quadrangle 
that  may  be  noted  in  passing  along  the  ridge  roads  between  Linden 
and  Central  Grove  School  and  between  Linden  and  Atlanta,  and 
there  is  some  ore-bearing  land  in  the  immediate  vicinity  of  Linden, 
but  all  these  are  relatively  imimportant  owing  to  their  slight  extent. 
In  the  southwest  comer  of  the  quadrangle,  between  Flat  Creek  and 
Concord  School,  a  series  of  knobs  extending  northwest  for  a  dis- 
tance of  about  2  miles  reach  an  altitude  of  more  than  400  feet  and 
are  reported  to  carry  valuable  deposits  of  brown  ore. 

SOUTHEAST  OF  LINDEN. 

In  the  part  of  Cass  County  south  of  the  Linden  and  Atlanta  quad- 
rangles, which  has  not  yet  been  topographically  mapped,  there  are 
several  ore-bearing  areas.  One  area  that  is  being  actively  prospected 
by  trenches,  pits,  and  drill  holes  lies  about  5  miles  southeast  of 
Linden  and  is  known  locally  as  the  Pruitt  tract  (fig.  3,  No.  5). 
In  this  tract  the  best  showings  of  ore  appear  to  be  around  the  edges 
of  the  upland,  where  gullies  have  exposed  it,  although  some  of  the 
pits  have  shown  good  ore-bearing  material  below  the  cotton  fields  that 
occupy  the  highest  levels.  Below  these  fields  the  ore  is  covered  by  6 
to  10  feet  of  light-gray  sand  mixed  with  a  little  clay.  The  following 
section  is  typical  of  the  best  showing  of  ore-bearing  material  in  this 
vicinity : 

Section  in  prosprrt  trvnch  5^  miles  southeast  of  Linden. 

Ft.         In. 

Soil,  aand,  and  llmonite  debris 2  6 

Umonlte,  In  thin  plates 6-8 

Reddish-yellow  (oxidized)  glauconitic  sand •    3  0 

Llmonite , 10 

Clay  and  reddish-yellow  glauconitic  sand 3 

Limonite 1^ 

Grayish-white  clay 3 

Reddish-yellow  glauconitic  sand 9 

Llmonite 4-6 

Reddish-yellow  glauconitic  sand 6 

Llmonite i 

Reddish-yellow  glauconitic  sand 2^ 

Llmonite  and  oxidized  glauconitic  sand 7 

Greenish-black  (vnoxidlzed)  clay,  or  "buckfat" 11 

Greenish  (unoxidized)   glauconitic  sand 4 

Iron  carbonate,  nodular  ledge 4 

"  Buckfat "  clay 4 

Iron  carbonate,  nodules 3 

"Buckfat"  clay,  base  not  exposed. 

This  trench  is  cut  about  120  feet  into  the  north  hillside  facing  a 
small  creek.     The  altitude  of  the  base  of  the  trench  is  about  290 
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feet.  On  the  opposite  side  of  the  creek  a  similar  trench  has  been 
dug,  showing  possibly  a  slightly  higher  proportion  of  limonite 
and  an  equally  sharp  demarcation  between  the  oxidized  zone,  con- 
taining limonite  in  reddish-yellow  glauconitic  sand  and  clay,  and 
the  unoxidized  zone,  containing  iron  carbonate  associated  with  green 
glauconitic  sand  and  greenish-black  ("buckfat")  clay. 

•The  section  given  in  detail  above  shows  about  3  feet  6  inches  of 
ore  in  a  total  of  about  12  feet  6  inches  of  sediments.  This  corre- 
sponds to  about  28  per  cent  of  ore  by  volume,  and  perhaps  40  per 
cent  by  weight. 

From  8  to  9  miles  southeast  of  Linden  and  1^  to  2  miles  north- 
west of  the  Texas  &  Pacific  Railway,  an  extensive  limonite-bearing 
area  has  been  prospected  by  two  or  more  iron-ore  companies  that 
have  holdings  there.  The  ore  is  found  on  the  high  divides  and  table- 
lands. As  shown  by  the  trenches,  some  places  are  nearly  barren, 
but  in  others  there  is  a  richer  concentration  of  iron  ore  than  has 
been  seen  by  the  writer  elsewhere  in  northeastern  Texas.  This 
area  contains  the  properties  locally  known  as  the  Harris  and 
Jernigan  tracts  (fig.  3,  Nos.  6  and  7). 

The  following  section,  shown  in  a  shallow  trench  about  125  feet 
long  where  brown  ore  was  formerly  mined  for  use  in  the  blast 
furnace  at  Jefferson,  illustrates  one  phase  of  the  occurrence  of  ore 
in  this  vicinity : 

Section  in  old  mine  trench  S^  miles  southeast  of  Linden. 

Soil  and  residual  limonite,  mostly  in  kidney-shaped  con-  Pt.       in. 

cretloiis 2          2 

Reddish  cross-bedded  glauconitic  sand 0 

Limonite  in  crusts  and  concretions 3 

Reddish  glauconitic  sand  with  streaks  of  white  clay 

and  a  few  concretions  of  limonite 8-10 

Limonite 1-2 

Reddish  glauconitic  sand  and  white  clay 7 

Limonite   2-3 

Reddish  glauconitic  sand  and  white  clay 5 

Limonite li 

Yellow  ocherous  silica  sand,  base  concealefl 4 

The  concretionary  ore  at  the  top  is  rich  and  is  reported  to  have 
been  in  great  demand  when  the  blast  furnace  was  in  operation. 

An  unusually  large  prospect  trench  has  been  excavated  in  this 
tract  a  short  distance  southeast  of  the  old  mine  trench.  This  large 
trench  is  6  to  7  feet  wide,  about  14  feet  deep,  and  130  feet  long  and 
connects  with  a  narrower  trench  at  right  angles,  which  extends  for 
50  to  60  feet,  to  the  brow  of  the  hill  and  affords  drainage  for  the 
large  trench.  In  addition  to  the  material  taken  from  the  trench  a 
"  ^ock  of  the  top  ore-bearing  ground  about  50  feet  square  has  been 
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removed  from  one  side  of  the  trench,  and  the  ore  from  the  whole 
excavation  has  been  stored  in  a  large  pile  in  a  neighboring  field. 
The  following  section  indicates  the  character  of  the  ore  displayed  in 
the  large  trench.    The  top  7  feet  is  especially  rich  in  ore. 

Section  in  large  trench  9  miles  southeast  of  Linden. 

Ft.  in. 

Soil  rich  In  ore  debris 1  0 

Ledge  of  limonite  with  a  few  seams  of  sand 4  10 

Glauconitic  sand  and  clay 7-10 

Limonite,  in  part  concretionary 3-8 

Light-yellowish  to  reddish  glauconitic  sand 3 

Limonite,  In  part  concretionary 4-7 

Beddish  glauconitic  sand  and  white  clay,  with  a  few 
small  nodules  of  limonite;  the  snnd  is  partly  indurated 

by  ferruginous  streaks 1 1  9 

Limonite 2-3 

White  and  reddish  glauconitic  sand 1  11 

Limonite  lens,  3  feet  long  in  sand  layer 4 

Limonite,  with  seams  of  indurated  sand 10 

Bluish-green  clayey  sand 3 

Base  concealed;  iron  carbonate  reported  below. 

The  section  outlined  above  thus  shows  about  8  feet  of  ore  in  13 
feet  of  sediments.  A  photograph  of  this  prospect  trench  has  been 
published.^ 

In  contrast  with  the  rich  section  just  given  is  the  following  section, 
shown  at  the  face  of  a  cut  about  200  yards  east  of  the  large  trench : 

Section  in  prospect  trench  9  miles  southeast  of  Linden. 

Ft.  In. 

Sand,  light  colored,  mostly  sUIqa 1  6 

Limonite 14-18 

Beddish  glauconitic  sand,  with  white  clay  streaks  and 

five  streaks  of  limonite.  i  to  i  Inch  thick 1  6 

Limonite,  with  streaks  of  sand 4-5 

Beddish  glauconitic  sand,  cross-bedded,  contiilnlng  white 

streaks 1  11 

Limonite 7 

Yellowish  sand ^ 5 

Limonite 2 

Yellowish  sand,  cross-beilded 10 

Limonite 4 

Beddish  glauconitic  sand,  cross-bedded,  containing  white 

clay  streaks 3  7 

Limonite 3 

Beddish  glauconitic  sjind,  cross-bedded,  containing  white 

clay  streaks 3  6 

^Linton,  Robert,  Texas  iron-ore  deposits:  Eng.  and  MIn.  Jour.,  Dec.  20,  1013,  p.  1153. 
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According  to  this  section  there  are  about  3  feet  2  inches  of  limonite 
within  16  feet  3  inches  of  sediments. 

In  this  area  one  prospect  trench  has  been  cut  entirely  through  a 
small  hill  and  affords  a  view  of  the  iron-bearing  sediments  for  a  dis- 
tance of  about  350  feet  and  to  a  depth  of  10  to  20  feet  The  richest 
ore-bearing  material  in  this  trench  appears  to  be  just  about  the  mid- 
dle of  the  hill.  The  following  two  sections  were  measured  in  this 
trench : 

fiection  in  southeast  portion  of  trench  cut  through  hill  9  miles  southeast  of 

Linden. 

Ft.         in. 

1.  Sou  and  limonite  d^'brls 6 

2.  Limonite  1        7 

3.  Sand  and  Jlmonite  alternating  in  thin  seams 7 

4.  Reddish-yellow  glaucoultlc  sand,  cross-bedded,  con- 

taining white  clay  streaks 1      11 

5.  Limonite 3 

6.  Sand,  similar  to  No.  4 3 

7.  Limonite  4 

8.  Sand,  similar  to  No.  4 1        5 

9.  Clay  2 

10.  Limonite  3 

11.  Sand,  similar  to  No.  4 2i 

12.  Limonite 1) 

13.  Sand,  similar  to  No.  4 8 

14.  Limonite , 1-2 

15.  Sand,  similar  to  No.  4 1        6 

16.  Limonite  1 

17.  Sand,  similar  to  No.  4 10 

18.  Sand,  similar  to  No.  4,  containing    two    seams    of 

limonite,  each  iibout  2  inches  thick 10        0 


• 


Section  near  middle  of  trench  cut  through  hill  9  miles  southeast  of  Linden. 

Ft.        in. 

Sou  and  limonite  debris 18-26 

Limonite,  In  heavy  ledge  with  lenses  and  "  pots  "  of  sand 
and  clay 6  3 

Yellow  glaiiconitic  sand,  locally  indurated,  containing  a 
few  seams  of»limonite 3  4 

The  southwestern  portion  of  this  area,  known  locally  in  part  as 
Jernigan  Hill,  has  also  been  tested  extensively  by  prospect  pits  from 
9  to  14:  feet  deep.  Some  ore  was  foimd  in  nearly  all  the  pits  that 
were  noted.  Some  of  the  top  ore  is  too  sandy  to  be  of  commercial 
value,  but  there  is  much  good  concretionary  and  nodular  ore.  There 
is  generally  a  heavy  ledge  of  limonite  near  the  surface,  irrespective 
of  a  difference  in  elevation  of  25  to  30  feet,  a  fact  which  suggests  a 
downward  concentration,  not  only  of  the  residual  ore  accompanying 
the  degradation  of  the  hill  but  also  of  iron  Jiydroxide,  thus  continu- 
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ing  to  build  up  ledges  of  ore  a  foot  or  two  beneath  the  surface. 
Forest  fires  have  partly  dehydrated  much  of  the  surface  ore,  altering 
its  color  to  a  dark  red.  An  ore  seam  8  inches  thick  has  been  found  at 
a  depth  of  45  feet  below  the  highest  part  of  the  ridge. 

The  last  portion  of  this  area  to  be  visited  lies  north  of  Jemigan 
Hill  and  is  known  as  Nigger  Hill.  The  test  pits  here  range  generally 
from  6  to  10  feet  in  depth,  but  a  few  are  18  feet  deep.  A  well  being 
dug  for  water  encountered  only  fragments  of  ore  but  cut  through 
some  pyritiferous  green  sandstone  and  dark  clay  at  a  depth  of  40 
feet.  The  ore  shown  by  the  shallow  pits  consists  largely  of  rather 
rich  "  kidney  "  concretions,  but  some  portions  are  sandy.  Ferrugi- 
nous conglomerate  containing  quartz  sand,  rounded  quartz  pebbles, 
and  angular  fragments  of  silicified  wood  was  noted  on  the  surface. 

NEAR   Lu\SATER. 

In  the  southwestern  part  of  Cass  County,  on  the  north  side  of  the 
Missouri,  Kansas  &  Texas  Bailway  between  Avinger  and  Lasater 
stations,  is  an  area  of  brown  ore  that  was  formerly  worked  in  several 
places  to  supply  ore  to  the  furnace  at  Jefferson.  The  railway  cut  at 
Avinger  shows  limonite  in  a  thin  ledge  near  the  top,  associated  with 
reddish  glauconitic  sand;  at  the  base  is  exposed  bluish,  unoxidized 
clay  containing  a  few  nodules  of  iron  carbonate.  Near  Orr  switch, 
at  the  south  edge  of  the  county,  a  ledge  of  limonite  has  been  mined 
on  the  sides  of  the  valley  of  a  small  creek,  about  a  quarter  of  a  mile 
noi*theast  of  the  railway  (fig.  3,  No.  8).  The  ledge  is  generally  1 
foot  4  inches  to  2  feet  thick,  but  attains  in  one  place  an  exceptional 
thickness  of  6  feet  6  inches  in  three  reefs,  separated  by  two  lenses  of 
glauconitic  sand  4  inches  to  1  foot  4  inches  thick.  At  this  place  the 
ledge  crops  out  at  the  surface,  but  where  the  ledge  is  thinner  there 
are  generally  2  to  3  feet  of  soil  and  loose  ore  debris  above  it.  This 
ledge  of  limonite  may  be  traced  down  the  hill  nearly  to  creek  level. 
The  ore  is  in  rounded  nodular  masses,  coalescing  so  as  to  form  a  ledge. 
Some  of  the  ore  is  sandy  and  contains  layers  and  coatings  of  glau- 
conitic sand,  but  most  of  the  ledge  is  limonite  of  good  quality.  It 
has  been  mined  by  pick  and  shovel  along  the  outcrop  in  two  or  three 
places  for  a  few  hundred  feet  each.  What  is  apparently  the  equiv- 
alent of  this  ledge  has  been  mined  at  the  top  of  the  hill  about  a 
quarter  of  a  mile  southeast  of  the  creek  and  about  the  same  distance 
from  the  railway.  Here  a  shallow  trench  extends  around  the  crest 
of  the  hill  and  exposes  ore  generally  from  1  foot  to  1  foot  6  inches 
in  thickness. 

Two  small  iron  furnaces  were  operated  in  early  days  in  south- 
western Cass  Countv.    The  Nash  furnace  was  erected  within  a  few 

ft' 

miles  of  Avinger  several  years  prior  to  1859,  and  is  believed  to  have 


86 


CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1915,  PABT  I. 


been  the  first  furnace  to  utilize  the  brown  iitm  ore  of  eastern  Texas. 
The  other  furnace,  known  as  the  Hughes,  was  built  about  1861  and 
was  operated  during  the  Ciyil  War.  It  was  1^  miles  southeast  of 
Hughes  Springs. 

ANALYSES. 

Many  chemical  analyses  of  the  brown  iron  ores  in  Cass  County 
have  been  published  by  the  Geological  Sur^'ey  of  Texas  and  by  tech- 
nical magazines.  Analyses  of  the  carbonate  ore  are  not  so  readily 
available,  probably  because  only  recently  has  this  type  of  ore  been 
reached  in  prospecting.  The  analyses  by  the  Texas  Survey  were 
evidently  made  on  good  average  prospect  samples  rather  than  on 
picked  samples  of  ore.  Occasionally  a  sample  was  found  in  which 
the  silica  proved  to  be  so  high  and  the  iron  so  low  that  the  material 
could  not  be  classed  as  an  ore  according  to  present  standards.  In 
making  use  of  these  data  siich  analyses  have  not  been  included. 

The  following  analyses  indicate  the  composition  of  certain  types 
of  the  deposits : 

Analyses  of  Cass  County  irtm  ores. 


SiU«(SIO,) 

Alumiiia  ( A  jOj; 

LimefCaO) 

Phosphorus  (P) 

Sulphur  (S) 

Loss  on  ignition  (mostly  combined  water) . 

Oarbon  dioxide  (COs) 

IfntijpinesA  (Mn) 

Titanium  dioxide  (TiOt) 

Metallic  iron  (Fe) 


10.96 
3.51 


.118 
.124 

9.62 


4^.01 


20.25 
12.91 


.149 
.132 

12.25 


37.41 


37.86 


34.26 


2.50 
2.10 


.043 
.0S6 


.20 
48.' io' 


Lie 

1.02 

.16 

.05 

.05 

a.  15 

&1.05 

36.54 

.10 

.04 

46.44 


a  Water  driven  off  below  100**  C. 


b  Water  driven  off  above  100*  C. 


1.  Average  of  22  analvses  of  nodular  and  concretionary  limonite.    Kennedy,  William,  F.eport  on  Uie 
iron-ore  district  of  east  Texas:  Texas  Geol.  Survey  Setond  Ann.  Kept,  pp.  7(^7, 1891. 

2.  Average  of  5  analyses  of  laminated  limonite.    Idem. 

3.  Avorage  of  8  analyses  of  ferruginous  conglomerate.    Idem. 

4.  Analysis  of  iMarly  pure,  cleaned  carbonate  ore.    Linton,  Robert,  Texas  iron-ore  deposits:  Eng.  and 
Min.  Jour.,  Dec.  20, 1913,  p.  1156. 

5.  Analysis  of  average  sample  cleaned  carbonate  ore  from  vicinity  of  Linden.    Analyst,  K.  C.  WeUs, 
United  SUtes  Geological  Survey,  March  15, 1915. 

DEPOSITS  IN  MABION  COUNTY. 


NEAR   LASATER. 

A  few  deposits  of  brown  ore  were  examined  in  the  northwestern 
portion  of  Marion  County.  Southwest  of  the  Missouri,  Kansas  & 
Texas  Railway  ore  has  been  mined  at  several  places  1  to  2  miles 
west  of  Lasater  (fig.  3,  No.  9).  Prospect  trenches  and  old  workings 
in  this  area  show  ore  from  1  foot  2  inches  up  to  nearly  5  feet  thick, 
but  the  latter  thickness  is  exceptional  and  is  due  to  the  formation  of 
an  unusually  thick  pocket  of  ore.  Old  stock  piles  of  ore  show  a 
fair  to  good  grade  of  limonite,  some  of  which  is  ocherous  and  some  of 
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which  is  incrusted  with  glaiiconitic  sand.  In  addition  to  the  ore 
shipped  to  Jefferson,  Tex.,  shipments  of  lump  ore  are  reported  to 
have  been  made  to  Birmingham,  Ala.,  about  1908  or  1909.  Little  or 
nothing  seems  to  be  known  as  to  whether  there  is  ore  in  small  frag- 
ments below  the  top  ledge,  as  the  deepest  cuts  are  not  more  than  5  to 
6  feet  below  the  surface. 

SOUTHWEST  OF  AVINGER. 

The  tract  of  ore  land  most  recently  developed  in  Marion  County, 
known  as  the  Gilbert  tract,  is  situated  in  the  extreme  northwest 
corner  of  the  county,  about  6^  miles  southwest  of  Avinger  and  7 
miles  northeast  of  Ore  City  (fig.  3,  No.  10).  It  is  tapped  by  the 
Port  Bolivar  Iron  Ore  Railway,  a  line  extending  north  from  Long- 
view,  Tex.,  a  distance  of  about  30  miles.  This  road  was  built  to 
transport  ore  from  this  field  to  Longview  and  thepce  over  the  Texas 
&  Gulf  Eailway  (Atchison,  Topeka  &  Santa  Fe  system)  to  Port 
Bolivar,  on  Galveston  Bay.  It  is  planned  eventually  to  extend  the 
Port  Bolivar  Iron  Ore  Railway  northward  to  connect  with  the  Texas 
&  Pacific  Railway,  probably  between  Avinger  and  Hughes  Springs. 
The  ore  is  exposed  along  the  brow  of  a  high,  flat-topped  wooded 
ridge,  known  as  75- Acre  Hill.  The  base  of  the  main  ore  ledge  lies 
about  80  feet  above  the  railway  spur  and,  according  to  company 
maps,  is  at  an  altitude  of  about  370  feet.  In  open  cuts  made  in  1913 
the  ore  is  shown  to"  be  concretionary  limonite,  generally  of  high 
grade.  In  the  cut  which  extends  about  500  feet  N.  30°  W.  from  a 
point  near  the  tipple  the  best  ore  forms  a  ledge  8  to  15  inches  thick 
2  to  4  feet  below  the  surface,  and  is  overlain  by  sandy  ledges  of  ore 
and  ore  debris  in  the  soil.  The  ledge  is  concretionary  in  structure, 
and  some  of  the  ore  debris  consists  of  concretions.  About  a  quarter 
of  a  mile  northwest  of  the  first  cut  another  cut  has  been  made  along 
the  brow  of  the  ridge  and  around  the  head  of  a  hollow.  This  cut  is 
about  800  feet  long  and  3  to  6  feet  deep  and  discloses  a  ledge  of  ore 
that  is  in  places  very  thick.  In  one  place  5  feet  of  excellent  ore  was 
measured,  composed  of  two  concretionary  ledges  and  extending  down 
from  the  grass  roots.  At  another  place  a  concretionary  mass  of  ore 
measures  4  feet  in  thickness.  At  other  places  the  good  ore  is  only 
about  1  foot  thick,  with  sandy  ore  and  clay  above  it. 

Aside  from  the  mine  cuts,  75-Acre  Hill  seems  to  have  been  fairly 
well  tested  by  pits  and  other  marginal  and  surface  cuts.  A  contour 
map  on  a  scale  of  200  feet  to  1  inch,  with  10-foot  contour  intervals, 
has  been  made,  and  by  its  use  it  has  been  determined  that  there  is  on 
this  hill  perhaps  30  acres  of  ore-bearing  land,  besides  25  acres  carry- 
ing float  ore.  Most  of  the  test  pits  are  shallow  and  show  a  moderate 
quantity  of  ore,  generally  not  more  than  10  to  15  per  cent  by  volume. 
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Many  ferruginous  bowlders  are  scattered  about  the  surface,  but  these 
are  mostly  too  sandy  to  be  considered  good  ore.  The  contour  and  sur- 
face of  the  hill  resembles  that  of  Bowie  Hill,  Cass  County,  in  many 
respects,  particularly  in  the  outstretching  spurs  and  reentrant  ravines 
on  its  borders.  On  the  southeast  margin  of  the  hill  a  machine  shop, 
tipple,  and  crusher  platform  have  been  erected,  and  an  ore  chute,  or 
flume,  extends  down  to  the  railway  spur,  85  feet  below.  The  chute 
evidently  was  not  employed  to  carry  ore,  however,  during  the  recent 
mining,  as  the  product  from  the  mine  trenches  was  hauled  down  by 
wagons  and  dumped  on  a  platform  above  the  railway.  Here  the  ore 
was  shoveled  into  three  chutes  which  discharge  on  grizzlies,  where  it 
was  broken  by  sledges  and  fed  through  chutes  into  the  cars. 

Two  steamer  cargoes,  each  consisting  of  several  thousand  tons  of 
high-grade  brown  ore,  were  shipped  from  this  property  to  the  fur- 
naces of  the  Alan  Wood  Iron  &  Steel  Co.,  near  Philadelphia,  Pa.,  in 
the  summer  of  1913. 

An  iron  forge  or  furnace  was  operated  many  years  ago  at  the  base 
of  75-Acre  Hill.  The  only  evidences  of  its  former  activities  are  a  few 
remnants  of  glassy  slag. 

ANALYSES. 

The  following  series  of  analyses,  which  cover  a  wide  range  of 
samples,  show  the  excellent  grade  of  ores  found  in  northwestern 
Marion  County : 

Analyses  of  Marion  County  iron  ores. 


Silica  (SiO,) 

AlutninaCAlsOa). 

Llme(CaO) 

Magne.sia(MRO).. 

PhosphonisCP)-- 

Sulphur  (S) 

Manganese  (Mn)  . 
Loss  on  i^ition . . 
Metallic  iron  (Fe), 


9.05 
3.92 


.089 
.146 


10.37 
53.06 


2 


4.460 
2.377 


.100 
.103 
.170 


57.450 


6.135 
2.?28 


.000 
.092 
.126 


56.030 


9.40 
1.40 
.07 
Trace. 
•  099 
.067 
.16 
11.70 
53.80 


9.74 
4.78 


.18 


1.22 

'bilii 


1.  Average  of  lOanalyaes  of  nodular  and  concretionary  limonite.    Kennedy,  William,  Report  on  the  irco- 
ore  district  of  east  Texas:  Texas  Oeol.  Survey  Second  Ann.  Rept.,  pp.  102-106, 1801. 

2,  3.  Analyses  by  A.  8.  McCreath  &  Son  of  two  cargo  samples  of  ore  from  Gilbert  tract,  discharged  at 
Philadelphia,  1913.    Dry  basis. 

4.  Analyses  by  R.  N.  Diokman  of  sample  averaged  from  30  samples  from  Gilbert  tract. 

5.  Average  of  six  analyses  by  Charles  Catlett  of  composite  samples  of  ore  from  G  ilbert  tract.    Dry  basis. 
Analyses  in  columns  2  to  5,  inclusive,  were  placed  at  the  disposal  of  the  Survey  by  Col.  L.  P.  Featherstoney 

presidesit  of  the  East  Texas  Brown  Ore  Development  Co. 

DEPOSITS  IN  MOBBIS  COXTNTY. 


NORTHWEST  OF  DAINGERFIELD. 


The  iron-ore  map  published  by  the  University  of  Texas  Bureau  of 
Economic  Geology  and  Technology  shows  a  large  iron-bearing  area 
west  and  northwest  of  Daingerfield.    So  far  as  could  be  ascertained 
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by  a  rapid  reconnaissance  and  inquiries,  the  showings  of  ore  in  this 
area  are  limited  to  streaks  of  very  red  soil  associated  with  a  thin 
mantle  of  residual  limonite  gravel.  This  limonite  gravel  ranges 
from  the  size  of  shot  up  to  the  size  of  walnuts  and  is  high  in  iron. 
Pieces  of  the  limonite  gravel  that  are  comparatively  fresh  appear 
to  be  fragments  of  the  crusts  of  geodes.  On  the  crest  of  the  ridge 
northwest  of  Daingerfield,  which  reaches  an  altitude  of  more  than 
600  feet,  the  rock  is  mostly  ferruginous  silica  sandstone,  containing 
here  and  there  a  streak  fairly  rich  in  iron,  but  on  the  whole  too  low 
in  iron  ever  to  be  regarded  as  an  ore.  Bowlders  of  glauconitic  sand- 
stone, slightly  ferruginous  in  streaks,  are  also  found  sparingly  on  the 
crest  of  the  ridge. 

SOUTHEAST  OF  DAINUERFIELD. 

Near  the  Morris-Cass  county  line,  wdthin  1^  miles  north  and  south 
of  the  Missouri,  Kansas  &  Texas  Railway,  limonite  ledges  crop  out  at 
about  the  500- foot  level  around  the  rim  of  the  upland.  On  the  Nor- 
wood and  other  neighboring  places  (fig.  3,  No.  11)  some  surface 
mining  was  done  12  or  13  years  ago  to  supply  the  blast  furnace  at 
Jefferson.  Several  shallow  test  pits  dug  in  1910  show  limonite  in 
ledges  from  8  inches  to  4  feet  4  inches  thick,  the  maximum  represent- 
ing an  unusually  thick  mass.  In  a  water  well  on  the  place  of  John 
Wallace  bowlders  of  .iron  carbonate  containing  glauconitic  sand 
were  struck  in  greenish  clay  at  a  depth  of  about  20  feet,  and  at  a 
corresponding  altitude  (510  feet)  a  ledge  of  limonite  crops  out  on 
the  north  slope  of  the  hill  a  few  hundred  yards  distant.  There  is 
much  ore  gravel  over  the  surface  in  this  vicinity,  and  many  bowlders 
of  concretionary  ore  of  excellent  quality.  Some  bowlders  measure  1 
foot  6  inches  in  diameter. 

The  Missouri,  Kansas  &  Texas  Railway  cut  at  Veals  switch,  2J 
miles  northwest  of  Hughes  Springs,  shows  the  following  section :  * 

Serf  ion  in  ruilroati  cut  at  ]'enlH  m  witch. 

Ft.         In. 

Soil  (^12 

Yellow  saud  and  KiindHtoiie 3-8 

Iron  ore 1          0 

Yellow  wind 6 

Iron  ore 6 

Sand 4 

Iron  ore 8 

Sand 3-5 

Iron  ore 1-2 

Gray  to  chocolate-colored  clays 8-10 

1  Eckel,  E.  C,  The  Iron  ores  of  northeastern  Texas :  IT.  8.  Geol.  Suryey  Ball.  200,  p.  362, 
1905. 

10427*'— Bull.  620—16 7 
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Nodules  of  iron  carbonate  occur  at  the  ore  horizons  nearest  to  the 
dark-colored  clay.  In  a  well  adjacent  to  Hervey's  cotton  gin  at  Veals 
switch  masses  of  iron  carbonate  were  found  at  a  depth  of  about  40 
feet.  Limonite  seams  were  also  found  at  intermediate  depths,  and  in 
places  films  and  crusts  of  a  green  fibrous  mineral  occur  in  cavities  in 
the  limonite.  This  mineral  has  been  determined  by  W.  T.  Schaller,  of 
the  United  States  Geological  Survey,  to  be  a  hydrous  iron  phosphate, 
near  dufrenite  in  composition. 

South  of  the  main  Daingerfield-Hughes  Springs  wagon  road,  a 
mile  or  more  from  Veals  switch  (fig.  3,  No.  12),  there  is  much  rich 
limonite  scattered  about  the  surface  in  bowldery  concretions,  and 
numerous  shallow  prospect  trenches  have  disclosed  the  presence  of  a 
ledge  of  limonite  a  few  inches  to  6  feet  thick  underlying  an  area  of 
many  acres.  Spme  pits,  however,  have  been  put  down  in  barren 
ground. 

ANALYSES. 

Averages  of  series  of  six  and  four  analyses  of  mixtui'es  of  nodular 
nnd  concretionary  brown  ore  from  the  principal  deposits  in  Morris 
County  are  given  below  in  columns  1  and  2,  respectively : 

Analyifai  of  Morris  County  iron  orea.^ 


SUlraCSlOt) 

Alumina  (AltOs) 

Phosphorus  ( 1*) 

Sulphur  (S) 

Loss  on  ignition  (mostly  combined  water) 

Metallic  iron  (Fe) 

o  Kennedy,  William,  op.  cit.,  pp.  177-179. 
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1 

K.  18 
3.40 

.i:« 

.016 
10.04 
5i  56 

4.86 
5.20 
.114 

Trice. 

iO.Hi 

56.25 


VICINITY  OF  RUSK. 


The  most  valuable  deposits  of  brown  iron  ore  in  Cherokee  Comity 
are  situated  near  the  tops  of  the  plateaus  south  of  Jacksonville,  those 
in  the  vicinity  of  Eusk  probably  being  the  most  extensive  and  best 
known.  According  to  Deussen  *  they  are  to  be  regarded  as  belong- 
ing to  the  Cook  Mountain  foimation,  the  upper  of  the  two  iron- 
bearing  divisions  of  the  Claiborne  group.  The  deposits  in  the 
vicinity  of  Rusk  that  were  examined  by  the  writer  are  of  a  type 
entirely  distinct  from  those  of  Cass,  Marion,  and  Morris  counties, 
which  are  regarded  as  of  Mount  Selman  age.  Instead  of  consisting 
of  irregular,  ramifying,  and  fragmentary  masses  of  more  or  less 


^Deussen,  Alexander,  op.  dt,  pp.  62-68. 
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nodular  ore  distributed  through  15  to  30  feet  of  beds,  ns  in  Cnss 
County,  the  Rusk  deposit  consists  essentially  of  one  solid  and  fairly 
continuous  bed  of  limonite  with  almost  no  residual  concentration  of 
ore  above  and  but  little  ore  in  seams  and  nodules  below.  The 
limonite  bed  near  Busk  forms  a  cap  near  the  top  of  the  fiat-topped 
plateau,  at  an  altitude  of  about  600  feet,  and  is  overlain  by  uncon- 
solidated gray  sand  ranging  from  1  foot  or  2  feet  to  25  or  30  feet  in 
thickness.  Over  areas  comprising  several  square  miles  there  are 
undulations  in  the  altitude  of  the  bed  reaching  a  maximum  of  per- 
haps 30  feet,  but  in  the  absence  of  an  adequate  topographic  map  or 
of  precise  levels  the  altitude  can  not  be  accurately  determined  for 
any  given  place. 

The  ore  bed  ranges  from  7  or  8  inches  to  3  and  even  4  feet  in  thick- 
ness, but  the  more  common  thicknesses  are  between  1  foot  3  inches 
and  2  feet  6  inches.  At 
the  top  of  the  ore  bed, 
however,  is  a  "  sand 
cap,"  or  layer  of  more 
or  less  ferruginous  hard 
sandstone,  from  half  an 
inch  to  4  inches  thick. 
This  sand  cap  may  be 
split  freely  from  the 
ore  in  mining.  The  ore 
bed  is  immediately  un- 
derlain by  a  few  inches 
of  light- colored  clay, 
below  which  are  layers 
of  sand  and  soft  sand- 
stone, some  of  which  is  glauconitic.  The  ujiper  surface  of  the  simd 
cap  is  not  smooth  but  is  crossed  by  shallow  furrows  extending 
N.  65°-70°  W.  The  width  of  these  furrows  is  2i  to  3^  feet,  and  the 
height  of  the  cre,sts  above  the  bottoms  of  the  furrows  is  generally  2 
to  3  inches.  The  sand  cap  is  thickest  on  the  crests  of  the  furrows, 
but  the  furrowed  surface  is  characteristic  of  tlie  limonite  also  when 
stripped  of  its  sand  cap,  although  the  furrowing  is  not  so  marked. 
At  the  base  of  the  ore  bed  botryoidal  and  rootlike  protuberances 
of  limonite  extend  down  into  the  underlying  clay,  so  that  the  basal 
surface  is  vei'y  irregular  and  pi-esents  a  strong  contrast  to  the  upper 
surface.     (See  fig.  5.) 

The  ore  itself  possesses  certain  characteristics  of  texture  and  color 
that  make  it  easily  distinguishable  from  the  ores  of  the  more  north- 
erly counties.  The  color,  for  instance,  is  light  brown  or  buff,  several 
shades  lighter  than  that  of  the  ore  of  Cass  County,  except  where  the 


92  CONTBIBUTIONS  TO  ECONOMIC  GEOLOGY,  1915,  PART  I. 

latter  is  ocherous.  The  upper  2  to  4  inches  of  ore  generally  has  fine 
open  laminae,  parallel  to  the  bed,  lined  with  glossy  black  coatings, 
with  here  and  there  a  spot  colored  bright  red.  The  ore  below  the 
laminated  layer  presents  a  curly  structure  when  freshly  broken,  in 
contrast  to  the  more  evenly  concretionary  type  of  ore  in  Cass  and 
Marion  counties.  The  ore  with  curly  structure  cracks  and  crumbles 
on  weathering,  and  thus  is  known  as  "buff  crumbly  ore."  Occa- 
sionally a  cavity  containing  sand  or  sandy  clay  is  found  in  the  ore. 

The  Rusk  ore  is  considered  to  carry  a  relatively  high  percentage 
of  alumina,  and  there  may  be  a  relation  between  the  presence  of  this 
ingredient  and  the  light  color  of  the  ore.  The  ore  from  the  top  of 
the  bed  containing  black-lined  laminations  is  said  by  furnace  men 
who  have  had  experience  in  its  use  to  contain  a  higher  percentage  of 
phosphorus  than  the  rest  of  the  ore  in  the  bed. 

The  ore  bed  is  exposed  at  a  great  many  places  around  the  rim  of 
the  table-land,  which  forms  an  irregular  crescentic  area  extending 
about  3|  miles  northwest  and  4J  miles  southeast  of  the  town  of  Rusk. 
This  area  is  bordered  on  the  south  and  west  by  the  Louisiana  &  Ar- 
kansas Railroad,  the  Texas  &  New  Orleans  Railroad  extends  north- 
ward across  it  from  Rusk,  and  the  Texas  State  Railroad  touches  its 
border  just  north  of  Rusk.  Among  the  best  exposures  are  those 
where  the  ore  has  been  mined,  as,  for  instance,  at  the  several  State 
mines,  3^  miles  northwest,  1^  miles  north,  and  2^  miles  northeast  of 
Rusk;  at  the  Star  and  Crescent  mines.  If  miles  east  of  Rusk;  and  at 
the  mines  2|  miles  southeast  of  Rusk,  worked  in  connection  with  the 
Tassie  Belle  furnace. 

The  latest  and  most  extensive  of  the  State  mines  are  on  the  east- 
west  spur  of  the  plateau,  beginning  about  2^  miles  northwest  of 
Rusk  (fig.  3,  No.  13).  These  workings,  which  have  been  inactive 
since  1909,  consist  of  open  cuts  and  extend  westward  for  more  than 
1  mile,  interrupted  by  places  where  the  cover  of  sand  is  too  thick  for 
stripping  and  by  a  ravine  where  the  ore  bed  has  been  removed  by 
erosion.  An  unusually  good  opportunity  was  afforded  to  the  writer, 
in  November,  1914,  to  examine  the  ore  bed  at  one  place  where  it  had 
been  stripped  over  an  area  of  about  1^  acres.  The  regular  furrowed 
surface  of  the  ore  bed  is  particularly  well  displayed  in  this  stripped 
area,  and  when  viewed  from  the  top  of  a  high  bank  of  sand  the  sur- 
face resembles  an  abandoned  plowed  field  in  which  the  furrows  are 
still  faintly  visible.  The  ore  bed  ranges  in  thickness  from  15  to  36 
inches  and  probably  averages  at  least  2  feet.  Adjoining  the  tract 
where  the  stripped  ore  bed  is  still  in  place  piles  of  lump  ore  about 
4  feet  high  have  been  stacked  up  over  an  area  of  about  an  acre. 

In  the  cut  on  the  Jacksonville  wagon  road  a  few  thin  streaks  of 
brown  ore  are  shown  within  15  feet  below  the  ore  bed,  but  they  are 
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of  no  value  and  would  not  warrant  mining  any  of  the  material  below 
the  ore  bed. 

A  smaller  abandoned  open  cut  was  noted  on  the  rim  of  the  plateau 
on  the  west  side  of  the  Texas  &  New  Orleans  Railroad,  about  1 
mile  north  of  the  State  penitentiary,  at  Rusk.  The  thickness  of  the 
ore  ranges  from  7  to  IG  inches  where  exposed,  and  the  thickness  of 
the  stripping  has  reached  G  or  7  feet  at  the  maximum.  The  cover, 
which  is  fine  gray  sand,  thickens  gradually  to  the  northwest  and 
probably  reaches  30  feet  at  the  highest  level  of  the  plateau.  The 
ore  bed  shows  a  thickness  of  2  feet  in  a  railroad  cut  near  by,  and  a 
few  feet  below  it  are  a  few  thin  streaks  of  limonite,  possibly  aggre- 
gating 5  or  6  inches  within  10  feet  of  sand  and  soft  sandstone,  partly 
glauconitic.    The  ore  was  worked  here  by  the  State. 

Another  locality  where  mining  was  done  by  the  State  is  2  to  2J 
miles  northeast  of  Rusk,  around  the  west  rim  of  a  northward-extend- 
ing lobe  of  the  plateau  (fig.  3,  No.  14).  The  open  cut  extends 
around  the  edge  of  the  hill  for  a  mile  or  more,  and  the  stripping 
was  carried  to  a  maximum  of  10  feet,  but  averages  much  less.  The 
ore  bed  ranges  in  thickness  from  12  to  30  inches.  In  places  it  con- 
tains a  streak  of  sand,  as  is  shown  in  the  following  section : 

Section  2  miles  northeast  of  Rusk, 

Pt.  In. 

Sand,  fine  grained,  gray,  with  soil  and  grnss  at  top 7  0 

Sandstone,  hard,  with  streaks  of  limonite 1  5 

Limonite,  compiict 1  0 

Sand,  yellow,  soft 5 

Limonite,  compact 1  3 

Clay,  white ;  base  not  exposed. 

In  this  section  the  '"  sand  cap''  probably  is  merged  into  the  ledge  of 
limonitic  sandstone  above  the  ore.  At  other  places  the  typical  layer  of 
sandstone,  about  2  inches  thick,  is  at  the  top  of  the  ore.  Near  the 
north  end  of  the  workings  the  sand  above  the  ore  contains  3  to  4  feet 
of  fairly  hard  concretionary  sandstone,  which  rendered  the  work  of 
stripping  more  difficult.  Ore  was  carried  from  this  place  to  the  State 
blast  furnace  by  a  steam  tramroad.  The  last  operations  are  reported 
to  have  been  carried  on  in  1906. 

A  good  exposure  of  the  ore  bed  was  noted  on  the  west  margin  of 
the  plateau  IJ  miles  east  of  Rusk,  at  the  workings  of  the  Star  and 
Crescent  furnace  (fig.  3,  No.  15),  where  the  last  operations  are  said 
to  have  been  carried  on  in  1907.  The  ore  measured  32  to  38  inches  in 
thickness  at  this  place.  More  ore  is  still  available  here,  as  the  cover 
has  not  been  stripped  ofF  to  as  great  a  thickness  as  at  the  State 
mines.  Ore  was  trammed  down  to  the  blast  furnace,  a  distance  of 
about  1^  miles. 
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The  old  mines  of  the  Tassie  Belle  furnace  (fig.  3,  Ko.  16)  are  1 
to  2  miles  farther  south  along  the  west  margin  of  the  plateau,  within 
a  short  haul  of  the  furnace.  These  workings  have  lain  idle  for  about 
20  years.  In  one  cut  half  a  mile  northeast  of  the  furnace  the  ore  bed 
is  27  to  29  inches  thick  and  is  covered  by  3  to  4  feet  of  sand  at  the 
margin  of  the  stripping.  A  pile  of  lump  ore  1|  to  3  feet  high,  50 
feet  wide,  and  about  300  feet  long  has  been  left  here. 

ANALYSES. 

Averages  of  seven  analyses  of  laminated  brown  ore  from  the  bed 
worked  to  supply  the  State  blast  furnace,  and  of  six  analyses  of  lami- 
nated ores  from  other  parts  of  Cherokee  County  are  given  below  in 
columns  1  and  2  respectively. 

Analyxes  of  Cherokee  County  iron  ores/* 


snicaCSIOi) 

Alumina  (AliOi).. 
Phosphorus  (P).., 

Bulphur(8) , 

Water  (HfO) 

Metallic  iron  (Fe). 


a  Walker,  J.  B.,  Reports  on  the  iron-ore  disteict  of  east  Texas:  Texas  Geol.  Survey  Second  Ann.  Rept., 
p.  291, 1891. 
b  Insoluble. 

COMPOSITION  OF  THE  ORES. 

In  any  discussion  of  the  composition  of  the  brown  ores  of  north- 
eastern Texas  it  must  be  borne  in  mind  that  the  three  types  of  ore, 
nodular,  laminated,  and  conglomerate,  show  certain  essential  differ- 
ences in  their  average  composition,  and  therefore  an  attempt  to  cal- 
culate an  average  composition  for  all  the  ores  of  the  area  would  give 
results  of  little  or  no  value  to  the  furnace  man.  The  low  percentage 
of  metallic  iron  and  the  high  percentage  of  silica  in  the  conglomerate 
ore,  without  regard  to  quantity  or  accessibility,  rule  ore  of  this  type 
out  of  consideration  as  a  source  of  ore  supply.  If  the  nodular  ore 
and  the  laminated  ore  chanced  to  occur  in  workable  quantities  in 
the  same  localities,  or  in  localities  so  close  together  that  both  types 
of  ore  could  be  readily  assembled  and  used  in  a  mixed  condition  in 
the  blast  furnace,  it  might  be  of  interest  to  average  a  number  of 
analyses  of  these  two  types  of  ore  together.  However,  as  the  work- 
able deposits  of  ore  in  the  counties  north  of  Sabine  River  are  prac- 
tically all  of  the  nodular  or  concretionary  type  and  those  south  of 
the  Sabine  are  of  the  laminated  type,  their  geographic  separation 
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renders  it  improbable  that  they  will  ever  be  mixed  to  any  gi*eat  ex- 
tent in  the  blast  furnace,  either  locally  or  at  eastern  iron  centers. 
It  is  reported  that  the  Texas  Iron  Co.,  which  leased  but  did  not 
operate  the  State  furnace  at  Rusk,  planned  to  utilize  a  mixture  con- 
sisting of  three  parts  of  Cass  County  nodular  ore  and  one  part  of 
Cherokee  County  laminated  ore.  In  such  mixtures  the  influence  that 
each  type  of  ore  may  have  on  the  mixture  can  be  controlled. 

A  summary  of  analyses  of  Texas  iron  ores^  has  been  published 
recently,  from  w^hich  are  taken  the  following  general  data,  with 
special  data  concerning  the  ores  of  Cass,  Marion,  Morris,  and  Chero- 
kee counties : 

In  order  to  make  satisfactory  replies  to  the  numerous  inquiries  with  respect 
to  the  quality  of  the  east  Texas  iron  ores,  we  hnve  undertaken  to  examine  and 
classify  207  analysea  Many  of  them  were  taken  from  the  report  of  WilUam 
Kennedy  on  "The  iron-ore  district  of  east  Texas"  (Texas  Geol.  Survey 
Second  Ann.  Kept,  1889),  which  is  our  chief  source  of  information  with  respect 
to  these  ores  up  to  the  time  of  its  publication.  This  report  has  long  been  out 
of  print  and  copies  of  it  are  scarce.  In  addition,  we  have  had  access  to  many 
more  recent  analyses,  especially  of  ores  from  Cass  and  Marion  counties,  where 
extensive  development  work  during  the  last  two  years,  particularly  that  of 
the  Texas  Iron  &  Coal  Co.,  has  contributed  so  much  to  our  knowledge  of  these 
ores  and  of  the  greatly  enlarged  area  within  which  excellent  material  is  to  be 
found.     ♦     ♦     ♦ 

In  studying  these  analyses  it  was  decided  to  divide  them  Into  four  groups — 
for  example,  from  40  to  45,  45  to  50,  50  to  55,  and  55  to  00  per  cent  of  iron. 
All  ores  containing  less  than  40  per  cent  of  iron  are  disregarded.  The  time 
may  come  when  such  low-grade  material  may  be  used,  through  processes  of 
crushing.  Jigging,  etc.,  but  we  need  not  concern  ourselves  with  this  now.  We 
distinguish,  then,  four  classes  of  these  ores : 

Medium,  containing  from  40  to  45  per  cent  of  iron. 
Good,  containing  from  45  to  50  per  cent  of  iron. 
Very  good,  containing  from  50  to  55  per  cent  of  iron. 
Extra,  containing  from  55  to  60  per  cent  of  iron. 

It  Is  probably  the  case  that  most  of  the  so-called  brown  ores  (and,  with  the 
exception  of  some  carbonate  ore,  all  of  the  east  Texas  iron  ores  are  of  this 
character)  used  in  this  country  carry  about  45  per  cent  of  iron.  It  is  an 
exception  to  tlie  general  rule  when  such  ores  carry  as  much  as  50  per  cent 
of  iron,  save  when  they  are  calcined,  and  this  practice  is  not  common.  Such 
ores  go  direct  from  the  washers  to  the  stockhouse,  a  very  small  proportion 
being  calcined  or  otherwise  improved. 

Cass  County,  ^7  analyses. 

ppr  cpnt. 

Medium 29.  8 

Good 23. 4 

Very  good 23.4 

Extra 1 23.4 


^Phillips,  W.  B.,  Iron  and  steel  making  in  Texas,  II:  Iron  Age,  Jan.   11,   1012,  pp. 
141-148. 
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Average  composition. 


Metallic  iron  [FeJ 

SfllcafBlOi] 

Alumina  (AlsOa] 

Phosphorus(P] 

8alpbiir[S] 


Medium. 

Good. 

Very 
good. 

Extra. 

42.43 

48.23 

52.33 

57.58 

18.26 

11.85 

5.19 

3.94 

11.33 

7.R5 

6.21 

5.21 

.108 

.147 

.107 

.062 

.098 

.133 

.124 

.0A5 

ATeracB, 

all 
analyses. 


48.64 
10.64 
7.65 
.103 
.104 


One  fuimple,  not  included  in  this  clnssification,  contained  iron,  60.44;  silica, 
3.50;  pbogphoniR.  0.aS8;  sulphur.  0.220. 

Marion  County,  65  analyscH. 

Per  cent. 

Medium 4.6 

Good 15. 4 

Very  good 9.3 

Extra 70. 7 

A  rerage  composition. 


MetalUciran[Fe] 

Silica  rSiOi) 

Alomma  [AI1O3] 
Phoephonis  (PJ  . 
Su1pbur(S] 


43. 18 

46.69 

19.55 

13.10 

7.41 

8.40 

Trace. 

.093 

.030 

.380 

Very 

;ood. 

Extra. 

53.80 

57.43 

4.90 

3.27 

8.33 

2.69 

.070 

.084 

.156 

.100 

Average, 

all 
analyses. 


54.91 
5.18 
4.30 
.073 
.067 


In  two  of  the  good  ores  the  silica  was  26.43  per  cent.  In  one  the  alumina  was 
19.06  i)er  cent  and  maximum  sulphur  was  0.735.  In  one  sample  of  the  very 
good  ore  the  alumina  was  16.50  per  cent ;  the  maximum  sulphur  was  0.304.  The 
maximum  phosphorus  in  one  sample  of  the  extra  ore  was  0.22  and  the  maximum 
sulphur  was  0.22.  This  county  has  not  only  the  highest  average  of  extra  ore.  but 
the  highest  general  average  in  metallic  iron — viz.  54.91  per  cent. 

Morris  County,  tO  analyses. 

Per  cent. 

Very  good 50 

Extra    50 

Average  composition. 


Metallic  iron  rFe] 

Silica  rSiOt] 

Alumina[AltOi] . 
Phosphonis  [P]  . 
8ulpbur[8] 


Averaf!e,al] 
analyses. 


54.83 
6. 85 
4.19 
.125 
.009 
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In  the  very  good  ores  the  mnxlmum  silica  was  13.10.  mnxlmum  alumina  6.84, 
and  the  maximum  phosphorus  0.209.  Considering  that  no  analyses  with  less 
than  51  per  cent  of  iron  are  quoted  from  this  county,  it  would  appear  that  the 
best  average  of  ore  is  from  Morris  County,  although  Marlon  County  has  the 
highest  iiercentage  of  ore  with  more  than  55  per  cent  of  iron. 

Cheroke*'  Connty,  10  nnnlyHea. 

Per  cent. 

Medium 40 

Good 60 

A  rernge  composition. 


Hetamc!n»i[Fe] 

SiUca(8iOt] 

Ahimina  [  AltOa] . 
Phosphorus  [P] ., 
Sulphur  [B] 


Medium. 


42.34 
22.62 
11.47 
.156 
.227 


Oood. 


46.18 
17.19 
10.35 
.140 
.029 


Avenge,  all 
analyses. 


44.64 
19.01 
10.94 
.146 
.117 


In  the  medium  ores  the  mnximum  silica  was  25.13,  the  maximum  alumina 
23.41,  the  mnximum  phosphorus  0.315,  and  the  maximum  sulphur  0.607.  In  the 
good  ores  alumina  was  determined  in  only  one  sample.  The  maximum  silica  was 
20.36  and  the  maximum  phosphorus  0.284.    ♦    ♦     • 

Of  the  ores  represented  by  these  analyses  about  one-fourth  are  of  medium 
grade,  about  one-fourth  are  good,  nearly  one-fifth  are  very  good,  and  nearly 
one-third  are  of  extra  quality  and  carry  from  55  to  60  per  cent  of  iron.  It  has 
been  already  stated  that  the  total  area  involved  In  these  14  counties  is  10,640 
square  miles.  This  must  not  be  taken  to  mean  that  all  of  this  territory  is 
ore  bearing.  This  is  certainly  not  the  case.  Just  how  much  of  this  area 
will  be  productive  of  workable  ores  of  the  medium  good,  very  good,  and 
extra  grades  is  not  now  known.  This  is  really  the  vital  question,  and 
not  what  will  be  the  average  composition  of  the  ores.  There  is  a  vast 
difference,  in  so  far  as  concerns  shipments  of  these  ores  or  even  their  use  lo- 
cally, between  material  carrying  between  40  and  45  per  cent  of  Iron  and  mate- 
rial carrying  between  50  and  55  per  cent.  This  difference  is  acutely  accentu- 
ated when  we  consider  the  ores  of  extra  quality,  carrying  from  55  to  60  per 
cent  of  iron.  If  the  statement  that  nearly  one-third  of  these  ores  are  of  extra 
quality  be  true  (and  we  believe  it  to  be  so,  within  a  reasonable  degree  of  accu- 
racy), we  have  in  them  the  very  best  brown  ores  in  the  country.  When  one 
considers  the  easy  reducibllity  of  these  ores  and  the  cheapness  with  which  they 
can  be  mined  and  handled  it  may  not  be  extravagant  to  say  that  they  rank 
with  the  best  ores  of  any  kind,  brown,  hematite,  or  magnetite.  What  they 
lack  in  metallic  Iron  would  be  more  than  counterbalanced  by  reduced  cost  in 
smelting. 

It  may,  however,  be  urged  that  the  extent  of  the  deposits,  of  whatsoever 
grade,  has  not  yet  been  definitely  established.  This  same  remark  holds  good 
for  many  other  brown-ore  dei)osits,  some  of  which  have  yielded  a  very  large 
amount  of  ore.  But  while  this  is  true  it  does  not  affect  the  situation  in  Texas. 
That  brown-ore  deposits  elsewhere,  which  have  not  been  thoroughly  prospected 
in  advance  of  the  shovel,  have  yielded  and  are  still  yielding  large  tonnages  is 
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no  proof  that  these  deposits  will  also  yield  large  tonnages.  In  respect  of  brown 
ore  it  is  particularly  true  that  "the  proof  of  the  pudding  is  in  the  eating." 
Professor  Plclc-and-Shovel  is  the  only  con]i)etent  instructor  in  this  schooL 

DEVELOPMENT  OP  THE  ORE  DEPOSITS. 

EAKLT  OPERATIONS. 

The  deposits  of  iron  ore  noted  in  the  preceding  pages,  as  well  as 
many  others  in  northeastern  Texas,  were  known  and  worked  from 
time  to  time  on  a  relatively  very  small  scale  to  supply  ore  for  several 
small  forges  and  furnaces  before  and  during  the  Civil  War.  As  a 
I'esult  of  the  rapid  industrial  development  that  followed  the  war 
these  small  furnaces  soon  became  inadequate  to  compete  with  larger 
plants  farther  east,  and  they  fell  into  disuse.  The  ore  needed  to 
supply  them  was  obtained  from  the  most  favorably  exposed  ledges, 
and  no  thorough  prospecting  has  been  undertaken  until  recent 
years.  Indeed,  even  the  ore  needed  to  supply  the  moderate-sized 
blast  furnace  at  Jefferson  was  obtained  only  from  shallow  surface 
pits,  very  little  mechanical  equipment  being  used  either  for  mining 
or  concentrating  the  ore.  A  brief  outline  of  present  methods  for 
the  development  of  the  deposits  is  of  interest  in  this  connection,  for 
unless  they  can  be  worked  on  a  much  larger  scale  than  heretofore 
they  are  not  likely  to  prove  commercially  valuable. 

PROSPECTING  FOB  ORE. 

Systematic  prospecting  of  a  large  tract  of  land  bearing  iron  ore 
of  the  residual  and  nodular  type,  such  as  occurs  in  Cass  and  the 
adjoining  counties,  is  by  no  means  a  simple  and  inexpensive  opera- 
tion. A  preliminary  study  of  the  tract  is  first  made,  including  ex- 
amination of  all  the  outcrops  and  natural  sections  of  the  iron- 
bearing  sediments  and  tests  by  means  of  shallow  pits  and  trenches 
in  order  to  determine  if  possible  whether  the  expense  of  further 
investigation  is  warranted.  If  the  indications  are  favorable  deeper 
prospecting  may  be  done  by  means  of  test  pits,  open  trenches,  and 
drill  holes. 

The  information  to  be  derived  from  the  prospecting,  supplemented 
by  concentration  tests  and  chemical  analyses,  consists  principally 
in  determining  the  thickness  of  the  cover,  the  total  thickness  of  the 
ore-bearing  ground,  the  section  which  will  show  approximately  the 
volume  ratio  of  ore  to  barren  material,  the  weight  ratio  of  ore  to 
barren  material,  and  the  character  of  the  ore  itself. 

The  test  pits  are  circular  in  cross  section,  about  3  feet  in  diameter, 
and  as  much  as  35  feet  in  depth.  They  require  two  men — one  for 
digging,  the  other  for  hoisting  the  excavated  material  to  the  surface 
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by  means  of  a  windlass.  Lump  ore  from  a  pit  is  usually  piled  at  one 
side,  and  the  sand  and  mixed  fine  ore  and  dirt  are  dumped  on  the 
other  side.  All  the  material  from  the  pit  is  carefully  preserved  and 
forms  a  basis  for  the  estimation  of  ratio  of  ore  to  dirt.  The  test 
pits  are  generally  placed  systematically  a  certain  number  of  yards 
apart  along  lines  which  gridiron  the  tract  except,  of  course,  where 
surface  features  such  as  ravines,  trees,  or  bowlders  may  interfere. 
Records  of  the  sections  exposed  by  the  pits  are  carefully  kept.  A 
valuable  supplement  to  the  test  pit  is  the  drill  hole.  Holes  are  now 
being  drilled  in  Cass  County  ore  fields  by  means  of  a  Keystone  drill- 
ing outfit.  The  drill  is  operated  and  moved  from  place  to  place  by 
means  of  a  traction  engine.  In  the  soft  or  partly  consolidated  sedi- 
ments in  which  the  ores  are  found  the  machine  drills  about  90  feet 
a  day,  so  that  two  or  three  holes  can  be  sunk  in  a  day  if  not  too  far 
apart.  Such  drilling  is  much  more  rapid  and  is  less  expensive  than 
the  sinking  of  test  pits  by  hand.  The  drillings  are  saved  on  a 
screen,  and  the  ratio  of  ore  to  dirt  is  determined  later.  The  drill 
hole  does  not,  of  course,  yield  a  visible  section,  and  in  that  respect  is 
of  less  value  than  the  pit  or  trench.  By  drilling  holes  close  to  a  few 
test  pits  whose  sections  are  on  record,  the  relative  value  of  the  infor- 
mation afforded  by  the  two  types  of  openings  soon  becomes  apparent, 
and  the  engineer  in  charge  of  prospecting  learns  to  what  extent  he 
may  depend  on  each  type.  The  application  of  drilling  to  prospecting 
of  this  sort  is  a  comparatively  new  feature,  and  its  possibilities  have 
probably  not  yet  been  fully  realized.  Drilling  would  seem  to  be  a 
good  method  of  preliminary  prospecting,  and  drilling  in  connection 
with  sinking  of  test  pits  greatly  reduces  the  number  of  necessary  pits 
and  materially  lessens  the  expense. 

Prospecting  by  means  of  trenches,  particularly  if  the  trenches  are 
large  and  deep,  is  very  expensive,  for  the  work  is  practically  all  done 
by  hand.  If  a  trench  is  driven  into  a  hill  there  is  an  advantage  in 
that  the  excavated  material  may  be  wheeled  out  on  a  level  floor,  or 
perhaps  down  grade,  instead  of  having  to  be  hoisted  out.  A  prospect 
trench  affords  a  much  better  idea  of  the  character  of  the  ore-bearing 
ground  and  of  the  relations  of  the  ore  deposits  to  the  inclosing  sedi- 
ments and  is  probably  not  exceeded  in  this  respect  even  by  the  face 
of  an  open-cut  mine,  for  the  face  of  the  trench  is  cut  down  vertical 
and  clean.  For  the  sake  of  economy,  especially  where  the  ore  deposit 
is  largely  a  residual  deposit  just  below  the  surface,  and  where  down- 
ward concentration  of  the  limonite  has  resulted  in  the  deposition  of 
layers  and  masses  of  ore  at  a  fairly  even  distance  below  and  approxi- 
mately parallel  with  the  surface,  a  trench  may  be  dug  in  steps  and 
thus  the  extreme  depth  at  the  inner  end,  most  of  which  might  have 
to  be  dug  in  barren  ground,  may  be  avoided.    If  properties  which 
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contain  important  deposits  of  ore,  of  proved  value,  are  to  be  dis- 
played for  sale  or  for  financing,  nothing  is  better  than  plenty  of  pros- 
pect trenches.  Illustrations  of  certain  trenches  showing  rich  ore  have 
been  published  by  Linton.^ 

In  connection  with  the  prospecting  work  outlined  above  there 
should  be  carried  on  a  thorough  system  of  recording  the  results,  pref- 
erably one  which  shall  show  them  in  as  graphic  a  way  as  possible. 
This  is  effected  by  running  careful  levels  over  the  property,  making  a 
large-scale  topographic  map  with  5-foot  contour  intervals,  and  plot- 
ting each  test  pit  or  drill  hole  accurately  on  this  map.  Cross-section 
sheets  are  also  made,  on  which  all  the  test  openings  are  shown  to  scale 
in  their  relative  altitudes,  together  with  the  materials  passed  through, 
distinguished  by  means  of  appropriate  patterns.  Later,  when  concen- 
tration tests  and  ore  analyses  have  been  made,  these  data  can  be 
added  to  the  cross-section  sheets,  which,  together  with  the  topo- 
graphic map,  will  then  contain  all  the  essential  data  concerning  each, 
tested  point  on  the  property  and  enable  a  reasonably  close  estimate 
to  be  made  as  to  the  reserves  and  grade  of  available  ore. 

Such  systematic  prospecting  and  recording  of  results  is,  of  course, 
very  expensive  and  can  not  be  undertaken  unless  the  preliminary 
prospecting  and  natural  indications  are  highly  favorable,  nor  imless 
the  property  is  large  enough  to  warrant  the  expense,  or  several  small 
properties  may  be  prospected  together.  The  engineering  and  me- 
chanical corps  necessary  for  such  work  must  have  a  certain  amount 
of  special  training  and  knowledge  of  the  field,  in  order  to  produce 
the  best  results. 

In  prospecting  laminated,  bedded  ore,  such  as  occurs  in  Cherokee 
County,  the  problem  is  simpler  than  in  prospecting  the  concretion- 
ary ores  of  the  counties  farther  north.  It  is  necessary  to  know  the 
thickness  of  the  cover  above  the  ore,  the  thickness  of  the  ore  bed, 
its  quality,  and  the  altitude  at  which  it  lies.  As  the  bed  outcrops  at 
a  nearly  uniform  level  around  the  plateau  lands,  generally  on  steep 
slopes,  it  is  most  conveniently  prospected  by  pick  and  shovel  on  the 
outcrop.  Drills  might  be  used  on  the  level  upland,  but  in  places 
where  the  cover  exceeds  10  feet  mining  could  hardly  be  carried  on 
under  present  conditions;  therefore  systematic  prospecting  of  such 
areas  would  be  of  little  use. 

BESULTS  OF  EXPLOBATION. 

The  view  taken  by  Phillips  with  regard  to  exploration  of  the  ore 
fields  up  to  the  close  of  1911  is  shown  in  the  following  quotation,' 

^  Linton.  Robert,  Texas  Iron-ore  deposits :  Eng.  and  Mln.  Jour.,  Dec.  20,  1913,  pp. 
lir>.Vllf54. 

>  Phillips,  W.  B.,  Iron  and  steel  making  in  Texas,  II:  Iron  Age,  Jan.  11,  1012,  pp. 
142-143. 
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and  it  may  be  added  that  prospecting  during  the  last  three  years 
has  been  even  more  encouraging,  indicating  large  reserves  of  iron 
ore.  Trustworthy  estimates  of  tonnage  for  the  area  can  not  be  made, 
however,  unless  they  are  based  on  definite  prospect  data  for  every 
deposit,  and  unless  every  individual  ore  property  is  carefully  pros- 
pected it  had  best  not  be  included  in  any  estimate. 

The  work  that  has  t>e€n  prosecuted  during  the  last  two  years  nnd  which  is 
still  in  prognress  has  shown,  among  other  important  things,  that  the  extent 
of  the  very  good  and  extra  ores  is  much  larger  than  anyone  had  reason  to 
anticipate.  Ground  which  did  not  appear  to  be  ore  bearing  at  all  in  a  com- 
mercial sense  has  been  found  to  carry  very  considerable  deposits  of  ore  with 
more  than  50  per  cent  of  iron,  and  under  such  conditions  that  It  can  be  mined 
and  loaded  for  less  than  $1  a  ton.  The  greater  part  of  these  ores  are  not  held 
in  tenacious  clay.  This  is  a  point  much  In  their  favor,  as  it  will  diminish  in 
a  marked  degree  the  cost  of  preparing  them  for  shipment.  The  record  of  about 
2,600  tons,  not  mined  with  any  special  care,  neither  washed  nor  screened, 
shows  a  content  of  metallic  iron  above  57  per  cent,  with  phosphorus  ranging 
from  0.10  to  0.20  per  cent. 

The  clays  with  which  these  ores  are  so  closely  associated  are  sandy,  friable, 
of  loose  texture,  and  easily  removed  over  a  screen  or  in  an  ordinary  log  w^asher. 
This  means  a  minimum  amount  of  water  and  a  maximum  amonut  of  ore  per 
cubic  yard  of  raw  dirt.  The  three  general  classes — viz,  laminated,  concre- 
tionary, and  conglomerate  ore — may  be  accepted  in  a  broad  w^ay,  although  these 
three  classes  may  be  present  in  the  same  locality.  So  far  as  the  analyses  now 
available  are  concernetl,  the  concretionary  ores  are  of  decidedly  l)etter  quality 
than  the  laminated  ores,  and  these  in  turn  are  better  than  the  conglomerate 
ores.    But  few  of  the  conglomerate  ores  now  appear  to  be  worth  working. 

The  overburden  in  the  best  districts  is  light  and  it  is  probable  that  a  steam 
shovel  would  operate  to  less  advantage  than  plows,  scrapers,  and  pick  and 
shovel.  We  are  inclined  to  think  that  a  steam  shovel  will  not  prove  to  be  the 
most  economical  method  of  handling  the  greater  part  of  the  material  in  many 
of  the  ore  districts  It  will  doubtless  And  its  use  here  and  there,  but  by  no 
means  to  the  extent  now  to  be  seen  In  Alabama,  Georgia,  Tennessee,  and 
Virginia. 

MINING  QBE. 

Mining  operations  in  the  northern  counties  have  been  confined  for 
the  most  part  to  the  richest  outcrops  of  concretionary  ore,  and  sim- 
ple hand  methods  of  mining  have  prevailed.  The  largest-scale  strip- 
ping has  been  done  with  wheel  scrapers.  Water  is  too  scarce  to  ren- 
der hydraulicking  possible.  Cheap  methods  of  handling  the  strip- 
ping and  the  ore  are  needed,  and  now,  as  a  result  of  extensive  pros- 
pecting in  Cass  County,  there  seems  to  be  a  fair  possibility  that 
steam  shovels  may  be  used  to  advantage  over  large  tracts.  This 
method  of  mining  must,  however,  be  supplemented  by  concentration 
of  the  ore-bearing  material,  and  it  is  upon  the  success  of  this  part  of 
the  work  that  the  possibility  of  large-scale  mining  operations  in  Cass 
and  the  adjoining  coimties  seems  most  to  depend. 
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Mining  of  the  bedded  ore  near  Busk,  Cherokee  County,  at  present 
not  being  worked,  was  carried  on  as  follows:  The  cover,  which  is 
mainly  loose  sand,  was  removed  by  means  of  wheel  scrapers  and 
dumped  into  ravines  or  piled  in  banks  on  ground  from  which  the 
ore  had  been  mined.  Areas  of  several  acres  were  thus  stripped  at  one 
time.  The  thickness  of  the  cover  stripped  rarely  exceeded  7  or  8 
feet,  but  a  maximum  of  10  feet  was  noted.  After  the  loose  cover  was 
stripped  off,  the  ''  sand  cap,^^  or  scale  of  ferruginous  hard  sandstone, 
half  an  inch  to  4  inches  thick,  was  split  loose  from  the  top  of  the  ore 
and  piled  up  where  it  would  not  interfere  with  the  workings.  Then 
the  ore  was  blasted  loose  from  the  bed  and  the  lumps  were  pried  up 
and  broken  to  smaller  sizes  with  sledges  and  picks  and  piled  ready 
for  shipment.  The  ore  was  loaded  into  carts  by  means  of  forks,  and 
consequently  much  good  ore  in  fine  sizes  was  left  on  the  ground.  The 
ore  of  "  curly  "  structure  lying  in  the  bed  below  the  laminated  top 
portion  tends  to  crumble  on  weathering  and  is  commonly  referred 
to  as  the  "  buflf,  crumbly  "  ore.  Probably  much  ore  was  thus  lost  by 
being  allowed  to  weather  too  long  before  it  was  carried  to  the  furnace. 
The  use  of  forks  appears  at  first  thought  to  be  a  wasteful  method,  but 
when  it  is  considered  that  this  ore  contains  a  high  percentage  of 
alumina,  the  importance  of  getting  it  up  free  of  any  underlying  clay, 
even  at  the  sacrifice  of  some  fine  ore,  is  readily  apparent.  The  State 
mines  were  operated  by  convict  labor  and  when  in  operation  were 
connected  with  the  blast  furnace  by  railroads  and  tramroads.  The 
method  of  mining  at  the  other  mines  near  Rusk  was  similar  to  that  at 
the  State  mines,  but  on  a  much  smaller  scale. 

CONCENT&ATION  OF  QBE. 

The  profitable  exploitation  of  the  nodular,  concretionary,  and 
residual  ores  in  Cass  and  adjoining  counties  probably  depends  more 
on  the  successful  concentration  of  these  ores  than  on  any  other  factors 
connected  with  their  development.  Heretofore  handpicking  of  the 
lump  ore  from  the  surface  has  been  about  the  only  method  of  main- 
taining a  high-grade  product,  but  this  method  is  wasteful  and  alto- 
gether too  slow  and  expensive  to  be  continued.  What  is  needed  is  a 
method  or  a  combinaticm  of  methods  of  ore  concentration  that  will 
make  it  possible  to  work  on  a  large  scale  the  maximum  thickness  of 
ore-bearing  gi'ound,  and  deliver  ore  concentrates  of  high  grade  at  a 
cost  commensurate  with  the  value  of  the  ore  recovered. 

Experiments  are  under  way  in  Cass  County  which  involve  washing 
the  mine-run  ore  in  revolving  screens,  picking  the  oversizes  on  a  pick- 
ing belt,  and  crushing  and  jigging  the  residue  when  separated  from 
the  loose  sand  and  clay.  In  commercial  operations  the  ore  will  first 
^^  run  through  log  washers.    The  final  step  consists  in  calcining  the 
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ore  to  drive  off  the  combined  water  from  the  limonite  and  the  carbon 
dioxide  from  the  carbonate  ore.  The  washing  and  jigging  experi- 
ments which  have  been  carried  on  in  a  small  but  well-equipped  plant 
have  been  designed  mainly  to  ascertain  the  ratio  of  ore  to  dirt  re- 
moved from  the  test  holes,  and  although  they  were  not  made  on  a 
commercial  scale  they  seem  to  demonstrate  that  the  ore  can  be  fairly 
well  cleaned  by  this  method,  the  percentage  of  silica  being  materially 
reduced  and  the  percentage  of  iron  proportionately  increased. 

Surface  water  is  none  too  abundant  in  this  region  at  certain  sea- 
sons of  the  year,  and  the  maintenance  of  steady  and  adequate  supplies 
of  water  for  large-scale  operations  may  prove  one  of  the  most  serious 
problems  to  be  solved.  There  are  many  small  creeks  in  the  region 
which  might  be  utilized  to  supply  reservoirs,  and  the  water  after 
having  been  used  once  can  be  conserved  for  further  use  by  means  of 
settling  basins.  Deep  wells  are  also  expected  to  play  a  part  in  fur- 
nishing water  for  ore  washing. 

For  calcining  ore  northeastern  Texas  is  well  supplied  with  fuel. 
There  is  an  abundance  of  wood  at  present,  lignite  occurs  in  many 
places,  and  the  Caddo  oil  and  gas  field  is  near  by  and  already 
supplies  natural  gas  to  several  towns  in  Cass  County. 

In  1914  an  investigation  was  undertaken  by  William  B.  Phillips  to 
ascertain  whether  the  Goltra  beneficiation  process  is  applicable  to 
the  brown  iron  ores  of  northeastern  Texas.  By  the  Goltra  process 
the  use  of  water  is  dispensed  with,  the  ore  is  cleaned  by  means  of  a 
current  of  hot  air  and  properly  located  screens,  and  the  fines  are 
separated  magnetically.     Phillips*  describes  the  process  as  follows: 

The  material  from  the  bank  of  ore.  containing  ore,  sand,  clay,  earth,  chert, 
aandrock,  etc.,  is  fed  Into  a  steel  cylinder  partly  lined  with  Are  brick.  This 
cylinder  is  125  feet  long  and  10  feet  in  diameter.  It  is  inclined  three-quarters 
of  an  inch  to  the  foot  and  makes  one  complete  revolution  i>er  minute.  The 
travel  of  the  material  down  and  through  this  cylinder  is  at  the  rate  of  about  2 
feet  j)er  minute,  so  that  it  reaches  the  lower  end  in  from  45  to  60  minutes  after 
feeding. 

At  .the  lower  end  of  the  cylinder  a  blast  of  Ignited  pulverizetl  coal  Is  blown  in 
by  an  Aero  pulverizer,  the  flnenesrt  of  the  coal  being  from  80  to  100  mesh.  At 
the  upper  end  of  the  cylinder  a  large  fan  is  installed,  with  a  capacity  of  35,000 
cubic  feet  of  air  per  minute,  and  this  draws  the  heated  air  through  the  cylinder 
and  discharges  It,  with  the  fine  dust,  into  a  dust  catcher.  During  the  drying 
of  the  material  the  temperature  of  the  lower  part  of  the  cylinder  is  kept  at 
about  300°  F..  the  temperature  at  the  upper  end  being  about  200**  F.,  or  even  less. 

The  material  Is  thus  dried  very  slowly  and  completely,  and  during  the  drying 
the  fine  clay,  sand,  earth,  etc.,  are  swept  out  of  the  cylinder  by  the  current  of 
heaited  air.  From  this  first  cylinder  the  thoroughly  dry  material  is  sent  to  a 
gyratory  crusher,  set  for  2  to  2i  Inches.  From  the  crusher  the  material  goes 
to  a  revolving  three-size  screen,  the  inner  openings,  punched  round,  being  three- 

1  Phillips,  W.  B.,  Concentration  by  the  Qoltra  process:  Iron  A^e,  Nov.  12,  1014,  pp. 
1148-1160. 
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fourths  inch,  aud  the  secoud  Hcreeii.  with  roimcl  openings,  being  one-half  hich. 
The  outer  screen  has  ^-inch  slotted  openings. 

The  material  over  }-inch  screen  is  hand  picked  on  a  picl^er  belt  and  goes  with 
all  of  the  stuff,  except  such  as  passes  the  fs-inch  outer  screen,  into  storage  bins.. 
The  material  through  the  ^-inch  outer  screen  goes  into  a  reject  bin. 

The  material  from  the  revolving  screen,  all  sizes  above  one-sixteenth  inch,  is 
conveyed  to  a  storage  bin  which  discharges  into  a  second  cylinder  125  feet  long 
and  0  feet  in  diameter,  partly  lined  with  fire  brick.  This  cyliader  has  the  same 
slope  as  the  first  cylinder  and  the  same  revolutions  per  minute.  It  is  heated  in 
the  same  manner  as  the  first  cylinder,  but  the  temperature  is  much  higher,  so 
that  the  material  reaches  the  lower  end  at  a  bright-red  heat — about  1,000°  F. 
The  heated  air  is  drawn  through  this  cylinder  in  the  same  manner  as  through 
the  first  cylinder,  and  the  fine  dust,  etc.,  is  discharged  into  a  dust  chamber. 

From  the  lower  end  of  this  second  cylinder,  which  may  be  termed  the  calciner, 
as  distinguished  from  the  dryer,  the  red-hot  ore  Is  screened  over  a  revolving 
screen  with  i-inch  punched  round  holes.  The  ** overs"  from  this  screen  are 
cooled  and  hand  picked  over  a  picker  belt  and  go  direct  to  the  loading  bins 
above  the  railroad  tracks.  The  red-hot  material  through  the  i-inch  screen  Just 
mentioned  goes  to  what  is  known  as  the  reducer.  This  is  a  closely  sealed  steel 
cylinder,  in  which  the  ore  is  sprayed  with  crude  petroleum  and  rendered 
highly  magnetic.  From  this  reducer  the  magnetized  fine  ore  goes  to  screens 
where  it  is  classified  to  one-fourth  and  one-sixteenth  inch,  these  seimrate  sizes 
l»eing  sent  to  Ball-Norton  magnetic  separatora 

This,  in  brief,  is  the  Goltra  process.  It  is  an  air-washing  process,  instead  of 
a  water- washing  process,  and  employs  magnetization  and  magnetic  separatioD 
of  the  fine  material,  instead  of  Jigging  it. 

A  Goltra  plant  has  been  built  at  Waukon,  Iowa,  in  an  attempt  to 
render  marketable  the  brown  ore  occurring  near  that  place.  In 
order  to  test  the  Texas  ores  Phillips  shipped  14  carloads  of  Texas 
brown  ore,  aggi-egating  about  338  tons  in  weight,  to  Waukon  and 
put  it  through  this  concentrating  process.  The  following  analyses 
show  the  average  composition  of  the  ore  at  various  stages : 

Average  composition  of  Texas  hrotcn  ore  eoueentraied  at  M^aitkon,  /oira,  by 

Goltra  process. 


Metallic  Iron  [Fe] 32.74 

Silica  JSiO,) 26.77 

Alumina  (AljOil 6.65 

Sulphur  ISl 041 

Phosphorus  [P] .075 

Free  water 11.33 

Combined  water 8, 70 


42.36 
26.80 
9.89 
.003 
.085 


55.23 

14.80 

10.43 

Trace. 

.008 


1.  Average  of  samples  of  raw  ore  from  each  of  14  c-ars  when  unloaded  at  Waukon. 

2.  Average  composition  of  ore  after  drying. 

3.  Composition  of  ore  after  calcining  (excluding  magnetic  concentrates). 

Of  these  analyses  Phillips  says: 

The  meaning  of  these  flgures  18  that  a  comparatively  worthless  material,  the 
raw  ore.  Is  changed  into  un  excellent  product,  well  adapted  for  blast-furnace 
user 
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The  mere  statement  of  the  composition  of  the  calcined  ore  does  not  convey 
the  full  sense  of  its  merits.  Its  physical  qualities,  especially  the  i)oro8ity  so 
essential  for  easy  reduction  in  the  furnace,  are  of  equal  if  not  greater  im- 
portance. It  would  seem  to  be  practically  impossible  to  take  a  raw  brown  ore 
of  similar  character  add  make  from  it  a  better  product  than  this  calcined  ore. 
In  quantity  it  comprises  22.22  per  cent  of  the  dried  ore  and  38.76  per  cent  of 
the  material  from  the  calciner,  which  is  to  be  classed  as  ore. 

Embodying  the  results  of  the  detailed  analyses  [both  physical  and  chemical] 
of  each  separation  in  one  general  statement,  we  have: 

Dry  ore  to  be  accounted  for,  267.32  tons. 

Ore  recovered. 


ia)  Size, }  inch  and  over,  not  ma^etic . . . 
b)  Magnetic  heads,  partly  oversize 
c)  Magnetic  heads,  f-i  inch 
o)  Magnetic  tails 
«)  Unfinished  material,  i  inch  and  under 

(J)  Clean-up  at  separator 

(g)  Leakage  at  reducer  feed 


Per  cent  of 

Per  cent  of 

material,  to 

dry  ore. 

be  classed 

as  ore. 

22.22 

38.76 

4.39 

7.55 

.62 

.90 

4.04 

7.00 

26.87 

35.87 

3.42 

6.83 

2.73 

4.03 

100.00 

Per  cent  of 
IroQ. 


55.23 
55.23 
63.33 
34.05 
82.36 
50.00 
51.58 


What  has  been  done,  therefore,  is  to  take  a  raw  ore  containing  32.74  iier  cent 
of  iron  and  bring  46  per  cent  of  it  up  to  52  per  cent  of  iron.  Taking  the  free 
and  combined  water  as  material  which  has  to  be  removed  and  which  repre- 
Fents  no  possibilities  of  concentration,  being  a  detriment  to  the  ore,  we  have 
taken  a  material  which  in  the  ground  carries  32.74  jjer  cent  of  iron  and  have 
brought  the  iron  up  to  52  iier  cent.  At  the  same  time  the  physical  natur^^  of  the 
ore  has  been  greatly  improved.  The  loss  in  weight  during  the  oi)eration,  ex- 
tending from  the  ore  "  bank  **  to  the  loading  bins  at  the  plant,  is  54  i)er  cent, 
of  which  20  i)er  cent  Is  free  and  combined  water.  This  leaves  34  iier  cent,  or 
115.13  tons  of  material,  a  portion  of  which  may  be  suitable  for  further  con- 
centration. 

Looking  at  this  matter  from  the  standpoint  of  clean  ore,  it  is  very  satisfac- 
tory. The  free  and  combined  water  are  completely  removed,  the  clay  is  almost 
completely  removed,  and  the  physical  condition  of  the  finished  ore  leaves  noth- 
ing to  be  desired. 

The  greatest  success  is  reached  in  preparing  calcined  ore  over  one-half  inch 
In  size.  This  product  carries  over  55  per  cent  of  iron,  and  its  physical  condi- 
tion Is  ideal. 

Where  the  process  is  weak  at  present  is  in  the  treatment  of  the  calcined  ore 
through  a  i-inch  screen,  this  material  being  sent  to  the  ** reducer"  for  mag- 
netization and  then  to  magnetic  sei)arators. 

While  some  of  the  magnetic  heads  carry  63  per  cent  of  iron,  yet  the  Inter- 
mediate products  and  the  tails  carry  too  little  iron  as  chargeable  against  the 
cost  of  concentration. 

The  finished  product  obtiiined  by  this  process  is  excellently  adapted  for  use 
in  the  blast  furnace.  The  free  and  combined  water  are  completely,  and  the  clay, 
sand,  etc.,  almost  completely,  removed.  The  sulphur,  except  in  the  case  of  some 
magnetic  concentrates,  is  eliminated.  The  physical  nature  of  the  ore  is  greatly 
improved,  particularly  in  respect  to  its  porosity  and  easy  reduclbility  in  the 
blast  furnace. 

10427^— Bull.  620—16 8 


106         CONTRIBUTIONS  TO  ECONOMIC   GEOLOGY,  1D15,  PART  I. 

The  loss  In  free  and  combined  water  in  the  ore  tested  was  20  per  cent.  From 
the  ore  received  at  Waukon  we  removed  67.83  tons  of  water,  or  16,279  gallons. 
Good  brown  ore  of  47  per  cent  iron  as  sent  to  the  furnaces  in  Alabama  will 
carry  14  i:»er  cent  of  water  (free  and  combined)  per  ton  of  ore.  and  this  water 
goes  into  the  furnace  and  must  be  evaporated  by  the  beat  within  the  furnace, 
which  otherwise  would  be  used  In  smelting  the  stock. 

UTILIZATION  OP  THE  ORE. 

6ENEBAL  CONDITIONS. 

The  brown  ores  of  northeastern  Texas  have  been  utilized  to  a 
minor  extent  for  the  manufacture  of  iron  in  small  local  forges  or 
furnaces  in  almost  every  county  in  which  a  good-sized  deposit  of 
ore  occurs.  Some  of  these  furnaces  have  already  been  mentioned. 
This  form  of  industrial  activity  existed  mainly  between  1856  and 
J  870.  Between  1870  and  1909  iron  was  manufactured  from  time  to 
time  in  five  or  more  small  charcoal  blast  furnaces,  notes  on  which 
are  given  below.  Since  the  last  of  these  furnaces  went  out  of 
blast  several  plans  have  been  made  to  establish  iron  and  steel  works 
on  the  Gulf  coast,  as  well  as  at  points  between  the  ore  field  and  the 
Oklahoma  coking-coal  field.  A  movement  is  now  under  way  to 
establish  an  iron  and  steel  industry  at  Texas  City,  Tex.  The  recent 
conditions  of  the  iron  and  steel  markets  and  the  general  financial 
situation  have  not,  however,  been  favorable  for  the  furtherance  of 
such  enterprises,  and  in  the  meantime  some  attention  has  been  given 
to  the  shipment  of  iron  ore  to  blast  furnaces  in  Alabama  and  on  the 
Atlantic  seaboard. 

Phillips,^  who  has  given  much  thought  to  the  utilization  of  the 
Texas  brown  ore,  has  stated  his  belief  that  the  ore  should  be  utilized 
in  the  northeastern  part  of  the  State  rather  than  an  attempt  be  made 
to  build  iron  and  steel  works  on  the  Gulf  coast.  With  reference  to 
the  practical  iron  and  steel  plant  he  says : 

Iron  nnd  steel  works  of  the  size  to  make  profitable  use  of  by-product  ovens 
ore  not  now  needed  in  Texas  or  the  Southwest.  Instead,  it  seems  to  us  that  a 
blast-furnace  plant  producing  250  to  300  tons  of  pig  iron  a  day,  with  a  steel 
plant  whose  product  would  enter  into  the  lighter  finished  forms,  is  much  more 
to  the  point.  The  initial  investment  would  be  much  less  and  the  character 
of  the  product  could  be  kept  in  closer  touch  with  actual  demands.  The  logical 
location  for  such  a  plant  would  be  in  east  or  northeast  Texas,  In  close  prox- 
imity  to  the  ore  fields  and  within  reach  of  the  coking  coal  of  Oklahoma  and 
Arkansas.  So  far  as  known  there  is  no  good  coking  coal  in  Texas  and  the 
nearer  an  iron  furnace  is  to  regular  supplies  of  coke  the  better.  Ck>king  coal 
or  coke  will  have  to  be  brought  from  some  other  State.  ♦  ♦  ♦  The  most 
favorable  outlook  In  Texas  and  the  Southwest  for  the  manufacture  of  iron  and 
steel  Is  in  the  direction  of  a  blast  fumnce  with  auxiliary  steel  plant,  not 
operated  so  much  with  reference  to  the  demand  for  the  heavier  forms,  such 
as  structural  shaj)es.  plates,  or  rails,  as  to  the  demand  for  cotton  ties,  wire 

Phillips,  W.  B.,  Iron  aoi  steel  making  In  Texas :  Iron  Age,  Jan.  4,  1012,  pp.  14-16. 
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fencing,  wire  nails,  perforated  metal.  pli)e,  and  light  steel  castings.  That  such 
an  enterprise  would  succeed  here,  under  proper  management  is,  we  think, 
well  within  the  bounds  of  probability. 

TEXAS  BLAST  PUSNACES.' 

One  of  the  early  blast  furnaces  to  utilize  the  local  ores  was  the 
Loo  Ellen  furnace  at  Kelleyville,  Marion  County,  5  miles  north  of 
Jefferson,  which  was  put  into  blast  in  1870.  The  stack  was  originally 
square,  but  was  rebuilt  in  round  form  in  1874.  The  height,  originally 
M  feet,  became  45  feet ;  the  bosh  diameter  was  9  feet,  and  the  capacity 
of  the  furnace  was  10  tons  of  metal  a  day.  The  product  was  at  first 
hot-blast  charcoal  soft  foundry  iron,  and  later  a  hard  iron  especially 
suitable  for  chilled  castings,  such  as  car  wheels,  was  made.  Lime- 
stone for  flux  was  obtained  near  Dallas. 

A  larger  and  more  modem  charcoal  blast  furnace  was  put  into 
blast  March  15, 1891,  on  the  north  edge  of  the  town  of  Jefferson,  and 
for  several  years  this  furnace  was  supplied  with  ore  from  deposits 
in  Cass,  Marion,  and  Morris  counties  adjacent  to  the  railroads.  Its 
annual  capacity  was  rated  at  13,500  tons.  The  plant  has  been  inac- 
tive for  10  or  12  years. 

There  are  three  small  blast  furnaces  in  the  vicinity  of  Rusk,  Chero- 
kee County,  that  were  built  to  utilize  the  brown  ore  of  the  plateau, 
but  all  are  now  idle.  The  oldest  furnace  and  the  one  which  has  hkd 
the  most  useful  history  is  the  property  of  the  State  of  Texas.  It 
was  originally  called  the  Old  Alcalde,  and  was  first  put  into  blast 
in  February,  1884,  with  a  stack  55  feet  high  and  a  bosh  diameter  of 
9^  feet.  It  was  designed  for  an  output  of  25  tons  a  day,  or  7,000  tons 
a  year.  It  stands  about  three-quarters  of  a  mile  northeast  of  the 
center  of  Rusk,  just  outside  of  the  walls  of  the  State  penitentiary, 
and  has  trackage  connections  with  the  Texas  &  New  Orleans  Railroad 
and  the  Texas  State  Railroad.  The  blast  furnace  and  the  associated 
ore  mines  were  operated  by  convict  labor,  and  considerable  of  the 
pig  iron  produced  was  remelted  and  cast  into  iron  pipe  at  an  adjoin- 
ing pipe  foundry,  also  owned  and  operated  by  the  State.  The  fur- 
nace was  originally  built  to  use  charcoal,  but  later  it  was  rebuilt  and 
ran  on  coke.  The  furnace  has  been  out  of  blast  since  December,  1909, 
but  in  1913  it  was  relined  and  put  in  good  shape  by  the  Texas  Iron 
Association,  which  had  leased  the  furnace  and  planned  to  revive 
operations.  Owing  to  unfavorable  business  conditions  and  other 
reasons  the  lease  was  permitted  to  lapse.* 

1  Dumble,  E.  T..  Reports  on  the  iron-ore  district  of  east  Texas :  Texas  Geol.  Survey, 
Second  Ann.  Rept.  (for  1890),  p.  15,  1891. 

Walker.  J.  B.,  idem,  pp.  293-294. 

Phillips,  W.  B.,  The  iron  resources  of  Texas :  Western  Pennsylvania  Proc,  vol.  18, 
No.  2,  p.  77,  1902. 

>See  Min.  and  Eng.  World,  June  27,  1914,  p.  1210. 
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The  Tassie  Belle  furnace,  2  miles  southeast  of  Rusk,  was  put 
into  blast  in  November,  1890.  This  furnace  stands  on  the  east  side 
of  the  St.  Louis  Southwestern  Railway  and  during  its  few  years  of 
activity  was  surrounded  by  a  flourishing  town  known  as  New  Bir- 
mingham. It  was  operated  as  a  charcoal  furnace  and  two  of  the  old 
charcoal  kilns  still  stand.  The  capacity  was  rated  at  13,500  tons  a 
year.  The  furnace  is  now  in  a  very  dilapidated  condition,  the  top 
house  and  elevator  ways  have  fallen  down,  the  machinery  has  been 
allowed  to  rust  and  to  be  dismantled,  and  the  ground  is  covered  by 
second-growth  pine. 

The  last  furnace  to  be  built  in  Cherokee  County  was  the  Star  and 
Crescent,  which  was  put  into  blast  in  November,  1891.  It  stands  on 
the  south  side  of  the  St.  Louis  Southwestern  Railway  about  three- 
quarters  of  a  mile  east  of  Rusk.  This  furnace  is  said  to  have  been 
operated  as  late  as  1907.  The  equipment  is  in  better  shape  than  that 
of  the  Tassie  Belle,  and  31  brick  charcoal  kilns  remain  standing.  The 
capacity  was  rated  at  18,000  tons  of  pig  iron  a  year. 

SHIPMENTS  OF  ORE  TO  OTHEB  STATES. 

About  1907-8  approximately  2,200  tons  of  brown  ore  (mostly  from 
Marion  and  Cass  counties)  was  shipped  to  the  Birmingham  district, 
Ala.,  a  distance  by  rail  of  about  500  miles.  The  ore  was  mostly 
in  selected  lumps,  and  its  average  content  of  metallic  iron  was  above 
57  per  cent,  with  phosphorus  ranging  from  0.10  to  0.20  per  cent.  It 
was  reported  to  be  well  adapted  for  the  production  of  basic  open- 
hearth  steel.    The  freight  rate  was  $2.20  a  ton.* 

In  1910  a  sample  lot  of  568  tons  of  brown  ore  was  shipped  to  Phila- 
delphia by  way  of  Texas  City,  on  Galveston  Bay.  The  rail  haul  was 
about  300  miles.  The  ore  was  similar  in  quality  to  that  sent  to 
Birmingham.  A  rate  of  $2.30  a  ton  to  Philadelphia  is  reported  to 
have  been  quoted  to  one  of  the  companies.^ 

Two  steamer  cargoes  of  high-grade  brown  ore  were  shipped  from 
northwestern  Marion  County  to  Philadelphia,  by  way  of  the  Port 
Bolivar  Iron  Ore  Railway  and  the  Atchison,  Topeka  &  Santa  Fe 
Railway  to  the  Gulf,  in  the  summer  of  1913.  The  analyses  of  this 
ore  are  given  on  page  88.  It  is  reported  by  the  shippers  that  the 
ore  gave  excellent  satisfaction  in  the  Alan  Wood  Iron  &  Steel  Co.'s 
furnaces,  where  it  was  used. 

Concerning  the  supply  of  the  highest  grade  of  ore  Phillips '  says : 

While  it  may  not  be  possible  to  secure  large  and  regular  shipments  of  57  per 
cent  ore  from  east  Texas,  yet  we  believe  there  are  very  large  supplies  of  50  per 

>  Phillips,  W.  B.,  Iron  and  steel  making  in  Texas,  I :  Iron  Age,  Jan.  4,  1912,  p.  14. 

>  Linton,  RolK^rt,  Texas  Iron-ore  deposits :  Eng.  and  Mln.  Jour.,  Dec.  20,  1013,  pp. 
n54-115«. 

■rhilUps,  W.  U.,  op.  clt.,  p.  15. 


IBON   ORE  IN   TEXAS.  109 

cent  ore  which  can  be  mined  and  loaded  for  85  cents  to  $1  per  ton.  Such  ore 
could  be  laid  down  in  the  stockyard  of  a  furnace  at  Jefferson  for  $1.25  a  ton 
and  at  Texarkana  for  $1.50  a  ton.  The  ore  cost  of  a  ton  of  pig  iron  should  not 
exceed  $3  at  either  of  these  localities. 
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QUICKSILVER  DEPOSITS   OF  THE  MAZATZAL  RANGE, 

ARIZONA. 


By  F.  L.  Ransomb. 


FIEIiD    WORK. 

The  examination  on  which  the  following  notes  are  based  was  made 
in  October  and  November,  1914,  and  occupied  in  all  about  10  days. 
Particular  acknowledgment  is  due  to  Mr.  E.  H.  Bowman  and  Mr. 
William  Reynolds,  of  Phoenix,  for  information  and  personal  guidance 
and  for  considerate  hospitality  of  a  quality  rare  even  among  those 
friends  of  the  geologist,  the  western  prospectors.  A  part  of  the 
examination  was  made  in  company  with  Mr.  W.  Spencer  Hutchinson, 
mini-ng  engineer,  of  Boston,  who  came  a  few  days  after  my  arrival,  to 
investigate  for  his  clients  the  possibility  of  mining  these  deposits. 
To  him  and  to  his  associate,  Mr.  J.  V.  N.  Dorr,  of  New  York,  I  am 
indebted  for  a  manuscript  copy  of  their  report,  with  permission  to 
make  such  use  of  the  data  it  contains,  particularly  of  the  assays,  as 
should  be  deemed  appropriate. 

SITUATION    AND    MODES    OF   ACCESS. 

The  Mazatzal  Range  is  a  prominent  well-defined  mountain  ridge  in 
central  Arizona  (see  fig.  6),  with  a  trend  a  little  west  of  north  and  a 
length  of  about  40  miles.  It  lies  between  Verde  River  on  the  west 
and  Tonto  Creek  on  the  east,  both  streams  flowing  southward  into 
Salt  River.  At  the  north  end  of  tho  range  is  North  Peak,  which  has 
an  altitude  of  about  7,600  feet.  Near  the  south  end,  the  moxmtain 
known  as  Four  Peaks,  a  noted  landmark  throughout  a  large  area  in 
central  Arizona,  attains  an  elevation  of  7,645  feet.  From  North 
Peak  to  Salt  River  the  crest  of  the  range  has  been  made  the  boundary 
line  between  Gila  County  on  the  east  and  Maricopa  County  on  th(' 
west. 

The  Mazatzal  Range  is  one  of  many  n  oimtain  ridges  of  approxi- 
mately rectilinear  plan,  all  nearly  parallel  in  trend,  that  characterize 
the  belt  of  rugged  cotmtry  bordering  the  Arizona  Plateau  along  its 
southwest  side.  North  Peak  is  15  miles  south  of  and  in  fidl  view  of 
tlie  great  MogoUon  escarpment,  which  in  this  part  of  Arizona  marks 
imposingly  the  edge  of  that  plateau.    The  entire  range  is  in  tlie 

Tonto  National  Forest. 

Ill 
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The  quicksilver  deposits  about  to  be  described  occur  in  a  strip  of 
country  about  6  miles  long  that  extends  northeastward  across  the 
Mazatzal  Range  in  the  vicinity  of  Pine  Butte,  11  miles  south  of 
North  Peak.  Moxmt  Ord,  one  of  the  prominent  and  well-known 
peaks  of  the  range,  is  a  little  less  than  6  miles  south  of  the  quicksilver 
belt. 

All  the  claims  are  in  the  Simflower  mining  district  and  most  of 
them  lie  in  the  northwest  comer  of  the  Roosevelt  quadrangle,  of 
which  a  topographic  map  on  the  scale  of  1:125,000  (approximately  2 
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FiGUKK  G.— Outline  sketch  map  of  the  Masatsal  Range  and  surrounding  region  In  central  Arizona. 

miles  to  the  inch)  has  been  issued  by  the  Geological  Survey.  Some 
of  them,  however,  extend  into  the  Verde  quadrangle,  of  which  the 
best  map  obtainable  is  a  very  tmsatisfactory  recoimaissance  sheet 
published  in  1885  on  the  scale  of  1 :  250,000  (nearly  4  miles  to  the  inch) . 
Simflower  camp,  near  which  most  of  the  development  work  on 
the  west  slope  of  the  range  has  been  done,  is  at  an  elevation  of  about 
4,350  feet,'  on  the  west  fork  of  Sycamore  Creek,  a  tributary  of  the 
Verde  which  enters  that  stream  opposite  old  Fort  McDowell.  The 
camp  is  about  70  miles  from  Phoenix  by  road  and  trail.    The  road 
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traverses  the  flat  desert  country  north  of  Salt  River  and  crosses  the 
southern  end  of  the  McDowell  Mountains  to  Fort  McDowell.  Here 
the  Verde  is  forded  and  the  road  continues  up  the  generally  dry 
hed  of  Sycamore  Creek.  At  the  forks  of  the  creek,  about  4  miles 
north  of  the  Sunflower  ranch,  the  road  ends  and  the  remaining  3 
miles  of  the  journey  must  be  traversed  by  trail.  The  road  is  rough 
at  the  best,  and  at  the  time  of  visit,  in  October,  1914,  much  of  it 
was  impassable  for  heavy  wagons.  Freighting  from  Phoenix  or 
Mesa  to  the  Simflower  camp  was  reported  to  cost  from  $40  to  $50 
a  ton. 

Bowman's  camp,  about  a  mile  northwest  of  Sunflower  camp  and 
about  800  feet  higher,  is  reached  by  a  steep  rough  trail.  Martin's 
camp,  on  the  east  fork  of  Sycamore  Creek,  is  about  2  miles  north- 
east of  Sunflower  camp,  in  a  straight  line.  It  is  most  easily  reached 
by  trail  from  the  forks  of  Sycamore  Creek.  About  half  a  mile  north- 
west of  Martin's  camp  is  Bowman  &  Reynolds's  Maricopa  camp. 

The  claims  in  Gila  County,  on  the  east  slope  of  the  range,  are 
most  readily  accessible  from  Tonto  Creek,  along  which  an  auto- 
mobile stage  line  runs  with  daily  service  between  Roosevelt  and 
Payson.  Coimections  are  made  at  Roosevelt  for  Globe  and  Phoenix. 
From  Hardt's  ranch,  about  5  miles  south  of  Deer  Creek,  a  trail 
goes  west  over  a  local  divide  to  Gold  Creek  and  up  that  creek  to 
Reynold's  camp,  near  its  head.  The  distance  from  Phoenix  to 
Roosevelt  is  about  75  mUes;  from  Roosevelt  to  Hardt's  ranch  37 
miles,  and  from  the  ranch  to  Reynolds's  camp  5  miles. 

Most  of  these  prospects  on  the  east  side  of  the  range  are  on  slopes 
that  drain  into  Gold  Creek,  a  stream  that  flows  eastward  and  joins 
Tonto  Creek  about  half  a  mile  above  the  mouth  of  Gun  Creek.  Some 
claims,  however,  nearly  due  east  of  Pine  Butte,  are  on  the  side  of  a 
ridge  that  drains  to  Cane  Creek,  a  tributary  of  Slate  Creek  which  in 
turn  flows  into  the  Tonto  about  2  J  miles  south  of  Gun  Creek. 

The  quicksilver  belt  is  aU  in  rough,  mountainous  country  ranging 
in  elevation  from  4,000  to  6,000  feet.  The  slopes  are  steep  and  the 
streams  flow  in  narrow  ravines.  Wat^r  is  not  plentiful,  but  enough 
could  probably  be  obtained  from  springs  and  by  pumping  from  the 
larger  stream  bottoms  to  suffice  for  metallurgicsJ  operations  on  a 
small  scale.  Pines  and  cypresses  are  fairly  abimdant  on  some  of  the 
ridges,  and  oaks,  sycamores,  and  other  deciduous  trees  flourish  along 
the  watercourses.  Firewood  delivered  at  the  furnace  of  the  Sun- 
flower Cinnabar  Mining  Co.  costs  $4  a  cord. 

HISTORY, 

Cinnabar  was  discovered  in  the  Sunflower  district  in  October,  1911, 
by  E.  H.  Bowman,  of  Phoenix,  while  prospecting  for  gold.  He  lo- 
cated the  Native,  Packover,  Titanic,  Jasper,  Go  By,  and  lone  claims. 
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These  were  purchased  for  $10,000  by  the  Sunflower  Ciimabar  Mining 
Co.,  organized  in  February,  1913,  and  capitalized  at  $1,000,000.  The 
company  acquired  nine  other  claims  in  addition  to  those  purchased 
from  Bowman.  In  September,  1913,  a  10-retort  furnace  was  com- 
pleted by  the  company.  At  the  time  of  visit  2  flasks  of  quicksilver 
had  been  shipped  and  about  3  flasks  were  in  hand. 

Other  claims  were  located  soon  after  Bowman's  discovery,  but  the 
Gila  County  deposits  were  not  found  until  the  spring  of  1914. 

OEXERAL  GEOLOGY. 

The  geology  of  the  Mazatzal  Range  is  not  yet  known  in  detail.  At 
the  south  end  of  the  range  the  Paleozoic  era  is  represented  by  the 
same  formations  (see  flg.  7)  that  occur  in  the  Globe  and  Ray  quad- 
rangles,* and  a  typical  section  of  these  rocks  from  the  pre-Cambrian 
granite  to  the  Carboniferous  limestone  is  well  displayed  in  the  canyon 
of  Salt  River  near  the  Roosevelt  dam.  Four  Peaks  is  composed  in 
part  of  a  medium-grained  gneissic  quartz-mica  diorite,  presumably 
pre-Cambrian.  Between  Four  Peaks  and  Mou^t  Ord  the  range,  as 
seen  from  the  valleys,  appears  to  consist  principally  of  pre-Cambrian 
granitic  rocks.  The  prevailing  rock  along  Sycamore  Creek  on  the 
west  side  of  the  range  is  a  rather  coarse  porphyritic  granite  similar 
to  granite  known  to  be  of  pre-Cambrian  age  m  other  localities  in 
Arizona. 

As  may  be  seen  in  the  steep  sides  of  many  flat-topped  buttes  and 
ridges,  this  granite  is  overlain  by  coarse  granitic  detritus,  beds  of  tuflF, 
and  a  capping  of  lava,  generally  basalt.  Some  dark  dikes,  presum- 
ably basalt,  cut  through  the  arkose  and  tuff.  All  these  rocks  are 
probably  of  Tertiary  age. 

On  the  north  slope  of  Mount  Ord  the  granite  is  succeeded  by  a  belt 
of  schistose  and  slaty  rocks  which  crosses  the  range  obliquely  with  a 
northeast-southwest  trend.  As  exposed  in  the  Mazatzal  Range  this 
belt  has  a  width  roughly  estimated  at  5  miles.  To  the  northeast, 
where  it  crosses  Tonto  Basin  and  extends  past  the  north  end  of  the 
Sierra  Ancha,  the  area  of  schistose  rocks  is  probably  at  least  15  miles 
wide. 

The  descriptions  of  A.  B.  Reagan  ^  and  his  rough  reconnaissance 
map  are  not  altogether  clear  on  this  point,  but  the  belt  of  schistose 
rocks,  irregularly  overlapped  in  places  by  younger  formations,  appears 
to  extend  eastward  across  the  upper  parts  of  Cherry,  Canyon,  and 
Cibicu  creeks,  beyond  which  it  probably  passes  under  the  horizontal 
beds  of  the  Arizona  Plateau.  Toward  the  southwest  the  schists  are 
exposed  for  only  a  mile  or  two  beyond  Sycamore  Creek,  passing  in  that 

1  RanBome,  F.  L.,  The  Paleosoic  section  of  the  Ray  quadrangle,  Ariz.:  Washington  Aoad.  Sol  Jour., 
T0l.6,pp.  3SIX-388, 1915. 
s  Geology  of  the  Fort  Apache  region  In  Arisona:  Am.  Oeologiat,  vol.  32,  pp.  aiifr-30S|  1903. 
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direction  beneath  Tertiary  lavas.  The  southeast  boundary  of  the 
schist  belt  crosses  Sycamore  Creek  near  where  the  stream  forks,  about 
4  miles  north  of  the  Sunflower  ranch.  The  line  swings  across  the 
northern  slope  of  Moimt  Ord,  between  the  granitic  summit  of  that 
peak  and  Slate  Creek,  crosses  Tonto  Creek  near  the  mouth  of  Gun 
Creek  and  passes  through  Delshay  Basin,  near  the  north  end  of  the 
Sierra  Ancha.  The  northwest  boimdary  crosses  the  Mazatzal  Range 
just  south  of  the  rugged  quartzite  masses  of  Mazatzal  Peak,  Deer 
Creek,  which  heads  on  the  south  side  of  the  peak,  being  chiefly  in 
schist.     It  passes  across  Tonto  Basin  a  mile  or  two  south  of  Payson. 

This  belt  of  schist,  lying  between  areas  where  most  of  the  funda- 
mental rock  is  pre-Cambrian  granite,  appears  to  coincide  with  a 
ridge  or  barrier  of  considerable  importance  in  Paleozoic  time.  South- 
east of  it  the  Paleozoic  section  is,  in  general,  that  of  the  Globe-Ray 
region.  Northwest  of  it  the  section  corresponds  in  its  major  features 
to  the  Grand  Canyon  sequence.  The  existence  of  such  a  ridge  east 
of  the  region  here  described  in  what  he  interprets  as  Algonkian  time 
has  been  suggested  by  Reagan.^  He  does  not,  however,  appear  to 
have  recognized  the  coincidence  of  this  ridge  with  a  line  of  division 
between  Paleozoic  sections  of  different  character.  These  differences 
it  is  hoped  to  bring  out  mare  f uUy  and  clearly  in  another  paper.  It 
must  suffice  to  state  here  that  they  relate  chiefly  to  what  are  sup- 
posed to  be  the  Cambrian  strata,  the  Tonto  group  on  the  north  of 
the  schist  belt  being  very  different  from  the  Apache  group  on  the 
south  of  that  belt. 

Associated  with  the  schists  and  slates  in  the  Mazatzal  Range  and 
at  the  north  end  of  the  Sierra  Ancha  are  great  masses  of  quartzite, 
accompanied  by  some  conglomerate  and  shale.  These  rocks  are 
clearly  older  than  the  Apache  and  Tonto  groups  (Cambrian).  They 
make  up  Mazatzal  Peak  and  apparently  most  of  the  northern  part 
of  the  Mazatzal  Range.  They  are  present  on  the  north  side  of 
Delshay  Basin,  much  folded  and  faulted  and  unconformably  over- 
lain by  the  nearly  horizontal  Paleozoic  beds  of  the  Apache  group. 
At  Natural  Bridge,  also,  on  Pine  Creek,  1 1  miles  north  of  North 
Peak,  uptilted  hard  conglomerate  and  quartzite  rest  on  granite  and 
are  imconformably  overlain  by  the  horizontal  Paleozoic  beds.  The 
older  rocks  in  places  project  as  hiUs  through  the  Cambrian  sandstone 
into  the  overlying  Devonian  (?)  limestone.  This  conglomerate  and 
quartzite  are  probably  the  same  as  the  pre-Cambrian  conglomerate 
and  quartzite  of  the  Mazatzal  Range. 

Some  of  the  quartzite  beds  of  the  Mazatzal  Range  are  infolded  with 
the  scliists  and  are  possibly  an  integral  part  of  the  schist  series.  The 
larger  bodies  of  quartzite,  however,  such  as  that  of  Mazatzal  Peak, 

»  op.  dt.,  p.  277, 
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are  associated  with  beds  of  conglomerate  that  contain  flakes  of  schist 
showing  that  the  quartzite,  while  pre-Cambrian,  is  distinctly  younger 
than  the  schist.  Whether  the  pre-Cambrian  quartzites  of  tliis  region 
are  all  or  only  in  part  younger  than  the  schist  can  be  determined 
only  by  detailed  work. 

The  volcanic  rocks  under  which  the  schist  passes  at  its  southwest 
end  have  a  thickness  of  about  1,000  feet  on  Saddle  Mountain.  At 
the  base  is  a  soft  brown  tuff,  andesitic  or  basaltic,  with  many  schist 
fragments.  This  appeared  to  be  from  50  to  60  feet  thick.  It  is 
overlain  by  light-gray  fine-grained  andesitic  tuff  of  approximately 
the  same  thickness.  Above  this  Ues  about  200  feet  of  coarse  andes- 
itic tuff-breccia,  the  fragments  being  mostly  a  light-gray  horn- 
blende-biotite  andesite.  This  is  succeeded  by  about  300  feet  of 
andesitic  flow  breccia,  which  appears  to  pass  upward  without  recog- 
nizable plane  of  demarcation  into  a  somewhat  porous  pink  lava 
which,  although  resembling  the  dacite 
of  the  Globe-Ray  region,  proved  on 
microscopic  examination  to  be  a  fresh 
hornblende  andesite  with  glassy  groimd- 
mass.  This  flow  or  part  of  the  flow 
is  at  least  400  feet  thick  and  forms  the 
top  of  the  moimtain. 

GEOi:X>GIC  RELATIONS  OP  THE 
QUICKSIIiVER  DEPOSITS. 

Figure  8.— Diagram  showing  relative  iwsi- 

The  schistose  rocks  in  which  the  cin-       tionaof  rock  Mnes  in  southwestern  part  of 
.  .    .,  tj  ..  the  Masatsal  quicksilver  belt,  Ariz. 

nabar  occurs  stnke  generally  north- 
eastward, and  the  planes  of  schistosity  are  nearly  vertical.  The 
southwestern  part  of  this  schist  belt  is  divisible  longitudinally  into 
at  least  eight  zones,  indicated  diagrammaticaUy  in  figiu'c  8.  The 
southwest  zone — the  zone  first  crossed  in  ascending  the  west  fork 
of  Sycamore  Creek — consists  of  gray  sericitic  schist,  in  part  fissile 
and  slaty  and  containing  some  layers  of  greenstone  schist.  This 
is  about  H  miles  wide.  It  is  succeeded  by  a  boldly  outcropping 
dikelike  mass  of  yellow  rhyolite  porphyry,  perhaps  one-third  of  a 
mile  wide.  This  rock  is  schistose  on  the  sides  of  the  mass  and 
appears  to  have  been  affected  by  the  same  forces  that  gave  the 
schists  their  present  character.  Under  the  microscope  the  least 
altered  varieties  of  the  porphyry  show  considerable  metamorphism. 
The  quartz  phenocrysts  have  been  enlarged  by  secondary  quartz, 
and  the  groundmass  is  a  secondary  aggregate  of  quartz  and  sericite. 
Northwest  of  the  rhyoUte  porphyry  is  a  zone  of  fissile  brown  slate, 
probably  between  one-third  and  one-half  of  a  mile  wide.  This  is 
succeeded  by  a  zone  of  nearly  the  same  width  of  sericitic  schist  con- 
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taining  here  and  there  layers  of  squeezed  conglomerate,  of  slate,  of 
interlaminated  hematite  and  jasper,  of  limestone,  and  of  greenstone 
schist.  This  is  the  zone  in  which  most  of  the  cinnabar  deposits  in 
Maricopa  County  have  been  found.  Northwest  of  it  is  a  zone  of  a 
very  conspicuous  rock  consisting  of  thin  layers  of  yellowish  dolomitic 
limestone  and  bright  red  jasper.  The  layers  are  considerably  con- 
torted and  the  brittle  jasper  in  particular  appears  to  have  been 
broken  and  displaced  by  movement  in  the  mass,  so  that  in  places  the 
Umestone  is  crowded  with  red  fragments.  This  rock  is  hard  and 
resistant  and  forms  prominent  outcrops.  The  zone,  however,  is 
irregular  in  width  and  apparently  is  discontinuous.  Northwest  of 
the  jasper  zone  is  a  zone  of  schist  which,  although  similar  to  that  on 
the  southeast  side  of  the  jasper,  appears  to  contain  a  larger  propor- 
tion of  squeezed  grits  and  conglomerates.  The  pebbles  are  in  part 
flaky  and  suggest  derivation  from  older  schists.  A  second  zone  of 
brown  slate  lies  northwest  of  this  schist  and  this  is  succeeded  by  a 
second  zone  of  rhyoUte  porphyry. 

It  will  thus  be  seen  that  in  the  southwestern  part  of  the  quick- 
silver belt  the  distribution  of  the  rocks  is  such  as  to  suggest  that  the 
jasper  zone  occupies  the  axis  of  a  compressed  syncUne  or  anticline. 
Toward  the  northeast,  on  the  east  slope  of  the  Mazatzal  Range,  the 
symmetrical  arrangement  of  the  rock  zones  is  less  evident. 

The  rhyoUte  porphyry  which  is  so  prominent  on  the  west  fork  of 
Sycamore  Creek,  near  the  Sunflower  camp,  was  not  seen  on  the  east 
fork.  At  the  place  where  the  porphyry  might  be  expected  that 
stream  cuts  through  at  least  40  feet  of  coarse  conglomerate,  which 
contains  pebbles  of  slate  and  red  jasper  and  seems  to  be  part  of  the 
schist  series.  South  of  the  conglomerate,  and  also  seemingly  involved 
in  the  schist  complex,  is  a  considerable  body  of  reddish  altered  igneous 
rock,  apparently  rhyolite.  North  of  the  conglomerate  is  the  first 
zone  of  brown  slate  and  then  the  second  schist  zone.  The  brown- 
slate  zone  continues  northeastward  through  the  saddle  just  north  of 
Pine  Butte,  on  the  crest  of  the  Mazatzal  Range,  and  is  said  to  die  out 
on  Deer  Creek,  on  the  east  slope  of  that  range.  The  top  of  Pine 
Butte  is  rhyoUte  porphyry. 

In  Gila  County,  east  of  Pine  Butte,  the  quicksilver  deposits  appear 
to  occur  in  the  southeast  schist  zone,  the  one  crossed  first  in  ascending 
Sycamore  Creek,  and  therefore  not  the  same  zone  as  that  containing 
the  deposit  on  the  west  fork  of  Sycamore  Creek. 

Just  west  of  Reynolds^s  camp,  near  the  head  of  Gold  Creek,  ia  a 
mass,  several  hundred  feet  wide,  of  very  fine  grained  reddish-brown 
rock,  which  was  supposed  in  the  field  to  be  a  dike  in  the  schist.  It  is 
not  schistose  and  may  therefore  be  later  than  the  general  metamor- 
phism  recorded  by  the  schists.     Nevertheless  the  microscope  shows 
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considerable  alteration.  The  groundmass  retains  no  recognizable 
igneous  texture  and  is  traversed  by  a  network  of  microscopic  vein- 
lets  of  sericite.  The  rock  is  apparently  an  altered  rhyolite,  and  its 
felsitic  character  suggests  that  it  may  be  extrusive. 

SmaU  dikes  of  diorite  porphyry  appear  to  be  fairly  abundant  in 
schists  along  Gold  Creek  and  on  the  ridge  separating  Gold  Creek  from 
Hardt  Creek,  the  next  stream  to  the  north. 

GENERAL  CHARACTER  OF  THE  DEPOSITS. 

'^The  quicksilver  deposits  of  the  Sunflower  district  are  lodes,  which 
in  general  conform  to  the  lamination  of  the  schist  in  which  they  he. 
In  the  southwestern  part  of  the  quicksilver  belt  three  approxi- 
mately parallel  lodes  are  recognized.  These  are  from  300  to  500  feet 
apart.  The  middle  or  Packover  lode  appears  to  be  the  longest  and 
the  best  metallized  and  is  the  one  on  which  nearly  all  development 
work  has  been  done. 

The  lodes  consist  of  veinlets,  films,  and  specks  of  cinnabar  in  schist 
and  as  a  rule  have  no  definite  walls.  Associated  with  the  cinnabar, 
particularly  in  the  larger  veinlets,  is  more  or  less  gangue.  The  usual 
geoigue-fonning  minerals  below  the  zone  of  oxidation  are  calcite;  a 
buff  ferruginous  carbonate,  probably  of  variable  composition,  which 
leaves  a  residue  of  limonite  on  weathering;  and  quartz.  Some  barite 
is  reported  by  Mr.  Bowman.  Sulphides  other  than  cinnabar  are 
rare  within  the  veinlets,  although  small  crystals  of  pyrite  closely  asso- 
ciated with  flecks  of  cinnabar  are  fairly  abundant  in  some  of  the 
schist  near  veinlets.  A  very  little  chalcopyiite  was  noted.  In  some 
ore  taken  from  the  Tatum  group  by  Mr.  Reynolds  and  received  since 
the  field  examination  was  made,  specularite  occurs  in  small  aggre- 
gates of  glistening  scales  associated  with  cinnabar  in  a  quartz  and 
ferruginous  carbonate  gangue.  In  ore  taken  from  a  cut  in  the  Pack- 
over  lode  on  the  Packover  claim  are  a  few  minute  specks  of  a  bright- 
gray  metallic  mineral,  which,  as  tested  by  W.  T.  Schaller,  of  the  Geo- 
logical Survey,  gave  off  no  sublimate  in  a  closed  tube  and  no  reaction 
for  copper.  It  is  therefore  probably  not  tetrahedrite.  Neith«*  does  it 
appear  to  be  stibnite.  The  quantity  obtained  was  too  small  to  per- 
mit identification  of  the  mineral.  Globules  of  native  quicksilver 
occur  with  some  of  the  cinnabar. 

Most  of  the  veinlets  or  stringers  lie  in  the  cleavage  planes  of  the 
schist  and  range  from  mere  films  to  veins  6  inches  thick.  Stringers 
over  an  inch  thick  are  exceptional.  In  some  places  stringers  cut 
across  the  schistosity.  As  a  rule  the  veinlets  interleaved  with  the 
schist  are  not  individually  persistent  for  more  than  a  few  feet;  they 
thin  out  and  are  succeeded  by  others.  Many  of  the  stringers  that  cut 
across  the  schists  are  very  irregular  in  course  and  width.     The  abun- 


120         CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1915,  PART  I. 

dance  of  the  cinnabar  veinlets  and  the  total  width  of  the  metallized 
zone  vary  greatly  from  place  to  place.  At  one  surface  exposure  of 
the  Packover  lode  on  the  Go  By  claim  the  schist  for  a  width  of  at  least 
75  feet  contains  little  veinlets  of  cinnabar  and  gangue,  all  less  than 
3  inches  wide  and  most  of  them  less  than  1  inch  wide.  This  zone  of 
veinlets  is  not  bounded  by  definite  walls,  and  the  schists  probably 
contain  some  cinnabar  outside  of  the  75-foot  belt.  At  this  locality 
Mr.  Hutchinson,  by  careful  prospecting  and  counting,  established  the 
existence  of  17  veinlets  in  a  width  of  9  feet.  The  aggregate  thickness 
of  these  veinlets  was  estimated  by  him  at  15  inches.  Another  coimt 
50  feet  away  on  the  same  lode  gave  substantially  the  same  result. 
Besides  occurring  in  the  veinlets  the  cinnabar,  particularly  near  the 
veinlets,  is  disseminated  as  specks  and  small  irregular  blotches  through 
the  schist. 

A  sample  taken  by  Mr.  Hutchinson  at  the  locality  just  indicated, 
by  making  two  cuts  across  the  9-foot  zone  and  rejecting  so  far  as  pos- 
sible the  barren  schist  between  the  stringers,  yielded  on  assay  3.60  per 
cent  of  quicksilver.  That  is,  the  result  represents  approximately 
the  contents  of  an  aggregate  width  of  15  inches  of  stringers  out  of  a 
total  width  of  9  feet  of  lode.  It  may  bo  estimated  roughly  from  the 
foregoing  data  that  a  continuous  sample  across  the  9  feet  might 
assay  from  0.5  to  1  per  cent  of  quicksilver. 

Although  the  individual  veinlets  are  not  persistent,  the  Packover 
lode  as  a  whole  is  traceable  with  reasonable  certainty  for  at  least  3 
miles.  It  is  not  continuously  exposed  for  that  distance,  but  its 
presence  is  indicated  by  the  occurrence  of  cinnabar  here  and  there 
along  its  outcrop. 

As  a  rule  the  cinnabar  lodes  do  not  crop  out  conspicuously.  The 
course  of  the  lode  if  recognizable  at  all  as  a  topographic  feature  is 
more  commonly  marked  by  a  slight  depression  than  by  a  ridge  or 
projection.  Under  the  influence  of  weatheriog  the  carbonate  gangue 
is  dissolved,  leaving  behind  a  spongy  residue  of  limonite  and  quartz. 
The  cinnabar, '  though  fragile,  is  chemically  very  stable,  and  where 
originally  present  in  the  lode  may  generally  be  foimd  in  the  oxidized 
material  at  the  surface.  No  evidence  was  obtained  that  indicated 
any  considerable  solution  of  the  cinnabar  or  any  downward  enrich- 
ment of  the  lodes. 

CLAIMS  AND  MINING  DBVBL.OPMBNT. 

As  already  noted,  the  quicksilver  deposits  occur  partly  in  the 
schist  zone  lying  between  the  jasper  zone  on  the  northwest  and  a 
brown-slate  zone  on  the  southeast  (see  fig.  8)  and  partly  in  the  south- 
east schist  zone.  The  line  of  deposits  between  the  jasper  and  brown 
slate  may  conveniently  be  referred  to  as  the  Maricopa  County  belt. 
That  lying  southeast  of  it  may  be  designated  the  Gila  County  belt. 
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The  claims  along  the  Maricopa  County  belt  were  grouped  at  the 
time  of  visit  as  follows,  the  enumeration  being  from  southwest  to 
northeast: 

Mining  dainu  in  Maricopa  County  belt. 


Owxur. 


ICartin,  Raymflr  it  Haydeo 

Hayden  dt  Allison 

SonflowflT  Chmabar  Mining  Co 

Raymer,  Hayden  &  Martin 

Bowman  A  Reynolds  (Tatum  or  Lost  Packer  group). 

MarkopaQuicKsilver  Mines  Co 

MoDevttt 

Bowman  A  Reynolds  (Quicksilver  King  group) 


Number  of 
claims. 


Length 

along  Delt 

Infeet. 


3  fractions. 

16 
4 
6 

14 
6 
8 


1,500 
400 
4,500 
3,000 
3,000 
4,500 
8,000 
4,500 


24,400 


Overlapping  at  its  southwest  end  the  foregoing  line  of  claims  is 
the  line  of  claims  on  the  Gila  County  belt.  At  its  southwest  end,  in 
Maricopa  Coimty,  is  the  L  and  N  group  of  six  or  seven  claims  be- 
longing to  Christopher  Martin  and  others.  The  total  length  of  this 
group  along  the  belt  was  not  definitely  ascertained  but  is  understood 
to  be  five  claim  lengths,  or  7,500  feet.  On  this  understanding  the 
holdings  along  the  Gila  County  belt  are  as  follows: 

Mining  claims  in  GHa  County  hdt. 


Owner. 


C.  Martin  and  others  (L  and  N  group)  — 
Bowman  &  Reynolds  (Oila  County  group) 
H.Bowman 


Number  of 
claims. 


7(?) 

14 

1 


Length 

alongoelt 

inieet. 


7,600  (?) 

10,500 

1,500 


25,500 


Whether  there  is  an  interval  between  the  claims  of  Martin  and  those 
of  Bowman  &  Reynolds  was  not  learned. 

The  claims  of  Bowman  &  Reynolds,  enumerated  in  order  along 
the  lode  from  southwest  to  northeast,  beginning  southeast  of  Pine 
Mountain,  are  as  follows:  Mercury  Sulphide  No.  3,  Bemice  No.  1, 
Mercury  Sulphide  No.  1,  Mercury  Sulphide  No.  2,  North  Star  No.  1, 
North  Star  No.  2,  Northern  light  No.  1,  and  Mercury  Sulphide  Nos. 
4,  5,  6,  and-  7.  The  end  line  between  North  Star  No.  1  and  North 
Star  No.  2  hes  along  the  bed  of  Gold  Creek. 

On  the  Martin,  Raymer,  &  Hayden  group  and  the  Hayden  &  Allison 
group  no  development  work  has  yet  been  attempted. 

On  the  Sunflower  group  (fig.  9)  two  tunnels  have  been  run  nearly 
west  under  the  Gro  By  claim  from  the  slope  above  the  west  fork  of 
Sycamore  Creek.    The  upper  or  No.  2  tunnel  (fig.  10)  is  from  250  to 
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300  feet  above  the  creek.  It  is  a  crosscut  about  150  feet  long.  Prom 
the  end  of  the  crosscut  a  drift  of  about  the  same  length  has  been  run 
southwestward  on  the  Packover  lode.  A  drift  about  100  feet  long 
run  from  the  north  side  of  the  crosscut  is  apparently  not  on  the  lode. 
The  No.  4  tunnel  is  about  100  feet  lower.  This  also  is  a  crosscut 
and  runs  in  the  same  direction  as  the  upper  timnel.  It  is  about  500 
feet  long  and  cuts  the  lode  about  390  feet  from  the  portal.  A  drift 
50  to  60  feet  long  has  been  run  on  this  lode,  supposed  to  be  the 
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FioURB  9.— Sketch  plan  of  the  claims  of  the  Sunflower  Chinabar  Mining  Co.'s  group,  Maricopa  County, 

Aris. 

Packover.  Northeast  of  these  tunnels  a  small  open  cut  has  be^i 
made  on  the  Sunnyside  claim  and  some  cinnabar  has  been  obtained 
from  what  is  considered  a  continuation  of  the  Packover  lode. 

On  the  Tatum  group  two  tunnels  have  been  run.    The  lower,  re- 
ported to  be  at  an  altitude  of  about  4,900  feet,  was  not  visited.    It 
was  said  to  be  between  200  and  300  feet  in  length  but  had  not  at  that 
time  reached  the  lode.     The  upper  timncl,  about  150  feet  higher  up 
he  same  hill,  was  about  235  feet  long  at  the  time  of  visit.     It  runs 
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S.  33"*  E.  and  crosscuts  the  schists,  which  here  dip  60^-70°  SE., 
whereas  the  prevailing  dip  in  the  district  is  to  the  northwest. 

On  the  Maricopa  group  a  crosscut  tunnel  at  an  elevation  of  about 
4,900  feet  has  been  run  northwestward  to  cut  a  lode  that  outcrops 
about  2,000  feet  higher  up  the  hill,  on  the  Lost  Packer  No.  8  claim. 
The  length  of  this  tunnel  was  not  recorded  at  the  time  of  visit  but 
was  probably  between  200  and  300  feet.     It  had  not  reached  the  lode. 
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FiGTJBX  10.— Sketch  plan  of  upper  or  No.  2  tunnel  of  the  Sunflower  workings,  M arkx>pa  County,  Ariz. 


Northeast  of  the  Maricopa  group  the  only  workings  on  the  quick- 
silver deposits  at  the  time  of  .visit  were  merely  such  shallow  cuts  and 
pits  as  fulfilled  the  requirements  of  the  assessment  provision  of  the 
mining  law. 

DESCRIPTIVE  DETAILS. 

The  two  tunnels  of  the  Smiflower  Cinnabar  Mining  Co.  were  both 
run  so  as  to  cut  the  Packover  lode  beneath  a  section  of  its  outcrop 
where  little  or  no  cinnabar  has  been  found.  The  lode  where  cut  by 
the  tunnel  appears  to  have  a  width  of  about  12  inches,  and  the  prin- 
cipal stringer,  which  is  nearly  6  inches  in  maximum  width,  consists 
of  bufif  ferruginous  carbonate,  white  calcite,  quartz,  and  cinnabar. 
An  assay  of  a  sample  taken  across  a  width  of  7  inches  of  the  lode 
at  this  point  yielded  Mr.  Hutchinson  1.25  per  cent  of  quicksilver. 
Of  three  samples  taken  by  him  from  this  tunnel  the  richest,  repre- 
senting a  width  of  5  inches,  gave  3  per  cent  of  quicksilver,  indicating 
roughly,  at  the  present  high  price  (quotations  in  June,  1915,  taken 
for  convenience  at  $75  a  flask  of  75  pounds),  $80  ore. 
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A  few  feet  north  of  the  crosscut  the  vein  disappears.  It  is  appar* 
ently  cut  off  obliquely  by  a  fault,  but  the  displacement  is  probably 
not  great.  South  of  the  crosscut  the  vein  has  been  followed  for  about 
100  feet  to  a  point  where  the  drift  leaves  the  vein,  which  passes  into 
the  footwall. 

The  lode  as  seen  in  the  lower  tunnel  is  of  the  same  general  character 
as  in  the  upper  tunnel.  For  a  part  of  its  course  at  least  it  follows  a 
layer  of  squeezed  limestone  in  the  schist.  This  layer  is  cut  by  irregular 
stringers  of  quartz  and  white  calcite  carrying  more  or  less  cinnabar. 
In  places  also  paper-thin  seams  of  cinnabar  without  gangue  are  fairly 
abundant  in  the  schist.  In  the  schist  exposed  in  the  crosscut  timnel 
a  little  cinnabar  was  noted  for  at  least  50  feet  west  of  the  main  drift. 
Here  as  elsewhere  the  lateral  Umits  of  the  lode  are  indefinite. 

A  sample  representing  a  width  of  3  feet  across  the  best  part  of  the 
lode  as  exposed  in  the  lower  tunnel  gave,  according  to  Mr.  Hutchinson^ 
a  little  less  than  2  per  cent  of  quicksilver. 

On  the  Sunnyside  claim,  about  a  thousand  feet  north  of  the  tunnels, 
the  Sunflower  Cinnabar  Mining  Co.  was  obtaining  ore  for  its  retorts 
at  the  time  of  visit  from  a  small  open  cut.  Here  was  exposed  a 
veinlet,  measuring  3  inches  in  its  widest  part,  of  cinnabar  and  limonite 
lying  in  the  planes  of  lamination  of  the  schist.  The  veinlet  was 
exposed  with  nearly  maximum  width  at  the  northeast  end  of  the  cut 
and  had  been  followed  to  a  point  where  it  pinched  out  to  the  south- 
west, in  a  distance  of  6  feet.  This  is  probably  the  largest  and  richest 
single  veinlet  seen.  Mr.  Hutchinson's  report  shows  that  it  contains 
38.2  per  cent  quicksilver,  roughly  $860  ore  at  present  prices,  but  a 
2-foot  sample  across  the  lode,  with  the  stringer  omitted,  gave  only 
0.7  per  cent,  corresponding  to  $14  ore. 

TTie  upper  tunnel  of  the  Tatum  group  on  the  Lost  Packer  No.  1 
claim  cuts  a  stringer  of  ferruginous  carbonate,  quartz,  and  cinnabar 
96  feet  from  its  portal.  A  sample  from  this*  stringer,  which,  as 
exposed  in  the  tunnel,  is  from  1  to  3  inches  wide,  carried  2.7  per  cent 
of  quicksilver,  according  to  Mr.  Hutchinson.  At  150  feet  from  the 
portal  the  tunnel  passes  through  a  fairly  strong  gouge  lying  in  the 
planes  of  schistosity  and  another  similar  gouge  was  noted  about  195 
feet  from  the  portal.  No  cinnabar  was  seen  in  connection  with  these 
gouge-filled  fissures.  Since  the  tunnel  was  visited  it  has  been  reported 
that  some  cinnabar  has  been  found  in  the  ''Tatum  tunner*  about  115 
feet  from  the  portal.  It  is  not  clear  whether  the  accoimt  received 
refers  to  the  upper  or  lower  tunnel.  A  small  sample  of  this  material 
sent  to  the  Geological  Survey  by  Dr.  Burt  Ogbum,  of  Phoenix,  shows 
small  veinlets  of  ferruginous  brown  carbonate,  calcite,  and  quartz 
carrying  cinnabar  and  Uttle  nests  of  specular  hematite.  As  the 
material  includes  considerable  limonite,  it  may  perhaps  have  come 
from  the  upper  tunnel  or  from  some  new  opening. 


QUICKSILVER   IN    MA;^AT;?;AL   range,  ARIZ.  125 

On  the  Lost  Packer  No.  8  claim;  of  the  Maricopa  group,  there  is 
a  strong  outcrop,  fully  2  feet  wide,  of  quartz  and  silicified  schist 
carrying  a  little  cinnabar.  The  lode  has  the  usual  northeast- 
southwest  strike  and  dips  about  80°  NW.  It  outcrops  along  the 
hillside  at  an  elevation  of  about  5,100  feet  and  at  the  time  of  visit 
had  not  been  cut  by  the  crosscut  tunnel,  200  feet  lower.  The 
quartzite  outcrop  is  apparently  local,  the  course  of  the  lode  being 
indicated  elsewhere  by  a  soft  rusty  zone  in  the  schist.  The  belt  of 
schist  in  which  this  lode  occurs  is  the  same  as  that  which  constitutes 
the  country  rock  of  the  Sunflower  Cinnabar  Mining  Co.'s  deposits. 
It  contains  some  lenses  of  limestone  near  the  Maricopa  tunnel. 

On  the  L  and  N  group  some  rich  stringers  of  quartz  and  cinnabar 
up  to  an  inch  in  width  had  been  exposed  at  the  time  of  visit  by 
shallow  prospecting  pits,  and  a  furnace  with  one  retort  was  being 
built.*  This  lode  lies  southeast  of  the  Maricopa  lode,  being  separated 
from  it  by  the  southeast  belt  of  brown  slate  and  by  a  belt  of  con- 
glomerate which  in  this  part  of  the  district  appears  to  occupy  the 
same  position  with  relation  to  the  other  rock  belts  that  the  rhyolite 
porphyry  does  near  the  Sunflower  camp. 

On  the  Bowman  &  Reynolds  Gila  Coimty  group  the  most  south- 
westerly opening  at  the  time  of  visit  was  a  small  cut  on  the  Bemice 
No.  1  claim.  The  country  rock  here  is  a  gray-brown  granular  schist 
which  retains  distinct  indications  of  an  original  clastic  structure  and 
is  apparently  a  metamorphosed  sandstone  or  grit.  The  cinnabar 
occurs  with  quartz  in  small  stringers,  the  widest  measuring  1  inch, 
and  in  rather  sparsely  dispersed  small  specks  through  the  adjacent 
rock.  A  sample  taken  by  Mr.  Hutchinson  across  2  feet  of  what 
appeared  to  be  the  most  promising  part  of  the  lode  gave  him  1.4 
per  cent  of  quicksilver,  equivalent  to  $28  ore.  A  dark  dike  of  altered 
basaltic  rock  runs  parallel  with  the  lode  a  few  feet  to  the  northwest, 
following  the  structure  of  the  schist. 

About  800  feet  northeast  of  the  above  cut,  on  the  same  lode  and 
near  the  crest  of  the  ridge  between  Cane  and  Gold  creeks,  a  small 
shaft,  8  or  10  feet  deep,  has  been  sunk  on  the  Sulphide  No.  1  claim. 
The  shaft  disclosed  some  cinnabar,  but  none  of  the  material  can  rank 
as  ore. 

On  the  Northern  Light  No.  1  claim  a  prospect  cut  exposes  a  veinlet 
of  quartz,  limonite,  and  cinnabar,  in  places  as  much  as  6  inches  wide. 
Mr.  Hutchinson's  sample  of  this  stringer  gave  1.1  per  cent  of  quick- 
silver. Another  sample  from  the  same  stringer,  where  from  1  to  3 
inches  wide,  gave  2  per  cent  of  quicksilver,  and  a  sample  across  4  feet 
of  schist  adjacent  to  the  stringer  gave  a  trace. 

i  Two  flasks  are  reported  to  have  been  shipped  in  March,  1915. 
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On  the  Mercury  Sulphide  No.  5  the  lode  shows  the  same  general 
character  as  on  the  claims  to  the  southwest.  A  sample  taken  by 
Mr.  Hutchinson  across  a  width  of  11  inches  of  croppings  just  above 
the  location  cut  gave  3.3  per  cent  of  quicksilver,  corresponding  to 
$66  ore. 

OTHER  DEPOSITS  iNEAR  THE  QUICKSIIjVER  LODES. 

North  of  Bowman's  camp,  in  the  area  of  schist  lying  northwest  of 
the  jasper  belt,  a  prospect  pit  on  ground  belonging  to  Mr.  Bowman 
shows  arsenopyrite  and  a  little  vanadinite.  Still  farther  north,  in 
McFarlane  Gulch,  considerable  prospecting  has  been  done  in  the 
same  schists  on  claims  reported  to  belong  to  the  Mormon  Mining  Co. 
Most  of  the  work  has  been  done  on  a  nearly  vertical  vein  striking 
north  55°  east,  or  approximately  parallel  with  the  schist.  A  short 
tunnel  has  been  run  on  this  vein,  but  most  of  the  development 
apparently  was  accomplished  by  a  shaft,  now  caved,  which  was 
simk  near  the  creek.  The  vein  as  exposed  near  the  surface  is  in 
some  places  7  inches  wide  and  consists  of  quartz,  pyrite,  possibly 
arsenopyrite,  and  boumonite.  The  remains  of  a  small  arrastre 
and  some  heaps  of  imperfectly  roasted  ore  show  that  an  attempt 
was  made  to  work  the  vein  for  gold,  poasibly  on  the  supposition 
that  the  boumonite  was  a  gold  telluride.  A  little  galena  was  noted 
with  the  boumonite. 

ORIGIN, 

As  regards  the  problem  of  the  origin  of  the  Mazatzal  quicksilver 
deposits,  the  ascertainable  geologic  facts  are  not  illuminating.  The 
conditions  under  which  quicksilver  deposits  occur  the  world  over  have 
established  fairly  well  a  genetic  connection  between  them  and  vol- 
canic activity.  Owing  to  their  mobility  in  solution,  moreover,  the 
constituents  of  such  ores  are,  in  accordance  with  theory  and  actual 
experience,  deposited  nearer  the  surface  than  most  sulphide  ores. 
Consequently,  although  the  Mazatzal  ores  are  in  pre-Cambrian  schist, 
it  is  not  probable  that  they  were  formed  in  pre-Cambrian  time.  That 
supposition  would  imply  that  they  were  deep-seated  portions  of 
deposits  from  which  the  upper  parts  had  been  removed  by  prolonged 
erosion.  All  that  is  known  of  quicksilver  deposits  suggests  that  they 
do  not  form  at  depths  so  great  as  would  be  demanded  by  the  suppo- 
sition that  the  Mazatzal  deposits  arc  pre-Cambrian.  It  is  more  likely 
that  the  ore  constituents  were  introduced  at  a  much  later  time,  when 
the  surface  as  a  whole  did  not  differ  by  many  hundreds  of  feet  of 
eroded  material  from  that  of  to-day.  It  is  a  reasonable  conjecture 
that  the  cinnabar  found  its  way  into  the  schists  in  Tertiary  time  and 
that  its  deposition  was  merely  one  phase  of  the  volcanic  activity  of 
that  period.     The  deposits,  however,  are  not  obviously  connected 
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with  any  particular  igneous  rock,  and  the  question  whether  they  are 
most  closely  related  to  the  basaltic  or  andesitic  lavas  of  the  region 
must,  for  the  present  at  least,  remain  unanswered. 

ECONOMIC  POSSIBILITIES. 

Not  enough  mining  work  has  been  done  at  the  time  of  visit  to  deter- 
mine whether  the  quicksilver  deposits  of  the  Sunflower  district  are 
susceptible  of  profitable  exploitation.  The  geologic  facts  of  occur- 
rence and  the  sampUng  by  Mr.  Hutchinson  indicate  that  the  parts  of 
the  lodes  of  minaUe  dimensions  now  exposed  to  view  carry  no  more 
than  3  to  4  per  cent  of  quicksilver  at  the  most,  although  exceptional 
stringers  here  or  there  which  might  be  sorted  out  from  the  broken 
ore  are  of  much  higher  grade.  To  obtain  a  3  or  4  per  cent  product — 
that  is,  $60  to  $80  ore  at  present  prices — considerable  sorting  would 
have  to  be  done,  with  rejection  of  three-fourths  or  more  of  the  rock 
broken.  The  chances  for  obtaining  considerable  quantities  of  2  per 
cent  or  $40  ore  with  only  moderate  sorting  appear  to  be  good. 

When  it  is  remembered  that  the  New  Idria  mine  *  in  California,  the 
largest  producer  of  quicksilver  in  the  United  States,  has  for  some 
years  been  making  substantial  profits  on  ore  from  which  0.5  to  1  per 
cent  of  quicksilver  is  won,  it  is  evident  that  the  Mazatzal  deposits 
have  considerable  promise.  Although  costs  are  probably  lower  in 
Califomia  than  in  Arizona  the  situation  of  the  New  Idria  mine  is  com- 
parable with  that  of  the  Arizona  deposits  in  that  the  mine  has  a  60- 
mile  wagon  haul  to  the  nearest  railway.  Mr.  Hutchinson's  sampling, 
while  thoroughly  reUable,  was  only  preliminary  to  possible  work  and 
was  rendered  difficult  by  the  lack  of  development.  Before  the 
deposits  can  be  appraised  at  their  probable  value  additional  sampling 
will  be  necessary.  This  sampling  should  be  directed  particularly  to 
the  estimation  of  the  probable  available  quantity  of  ore  of  the  mini- 
mum grade  that  can  be  profitably  worked  without  sorting.  To  what 
width,  for  example,  can  a  lode  be  mined  as  a  whole  to  get  a  1  to  2 
per  cent  ore  and  how  much  of  such  ore  can  reasonably  be  considered 
available  ? 

Facts  that  promise  well  for  future  exploitation  are  the  imdoubted 
persistence  of  the  lodes  for  long  distances  over  the  surface  and  the 
lack  of  any  evidence  of  decrease  of  tenor  with  increase  in  depth.  Too 
little  has  been  done  to  prove  that  the  lodes  continue  downward  with- 
out diminution  in  quicksilver  content,  and  it  is  generally  recognized 
that  quicksilver  ores  as  a  rule  are  not  deposited  at  as  great  depth  as 
some  other  ores.  Lindgren '  states  that  no  quicksilver  deposit  has 
been  worked  to  a  depth  of  2,000  feet  below  its  outcrop.     On  the 

1  U.  S.  Geol.  Survey  Mineral  Resources,  1911,  pt.  1,  pp.  002-903, 191Z 
*  Lindgren,  Waldemar,  Mineral  deposits,  p.  473, 1913. 
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other  hand,  the  work  akeady  done  on  these  deposits  gives  no  founda- 
tion for  a  belief  that  the  cinnabar  is  less  abundant  at  moderate 
depth  than  near  the  surface. 

The  small  quantity  of  quicksilver  thus  far  produced  has  been 
obtained  by  simply  retorting  the  ore  as  mined,  enough  lime  being 
produced  from  the  gangue  to  effect  reduction  to  the  metallic  state. 
It  was  evident,  however,  at  the  time  of  visit  that  considerable  qmck- 
silver  was  being  lost  through  the  crudity  of  the  operations.  More 
efficient  modes  of  treatment  will  have  to  be  employed  if  the  deposits 
are  to  be  worked  profitably  for  any  length  of  time. 

The  present  transportation  facilities  are  very  poor  and  any  plan 
for  profitably  working  these  deposits  will  have  to  reckon  with  the 
long  wagon  haul  to  Phoenix,  Mesa,  or  Globe. 

It  should  be  remembered  that  the  conversions  of  assay  percentage 
into  vfdue  per  ton  as  given  in  this  paper  are  based  on  the  present 
abnormaUy  high  price  of  quicksilver.  They  should  be  reduced  by  a 
third  or  half  to  correspond  to  a  probable  normal  market  price. 


IRON-BEARING  DEPOSITS  IN  BOSSIER,  CADDO,  AND 
WEBSTER  PARISHES,  LOUISIANA. 


By  Ernest  F.  Burciiard. 


INTRODUCTION. 

The  bright-red  soil  and  abundance  of  debris  of  limonite  (hydrated 
iron  oxide)  in  bowlders,  slabs,  and  gravel  on  the  summits  and  slopes 
of  the  hills  in  northwestern  Louisiana  have  for  many  years  given 
rise  to  the  hope  that  at  least  some  of  the  deposits  of  this  useful 
mineral  might  eventually  be  found  to  be  of  value.  In  1886-1888 
Lawrence  C.  Johnson,  of  the  United  States  Geological  Survey,  made 
a  reconnaissance  of  northern  Louisiana  and  eastern  Texas,  studying 
the  stratigraphy  and  the  outcrops  of  the  iron-bearing  beds.  A  brief 
report^  on  this  work  was  issued  in  1888,  but  it  contained  little  dis- 
cussion bearing  on  the  commercial  availability  of  the  deposits,  partly 
because  at  the  time  of  Johnson's  work  only  one  railroad,  the  Vicks- 
burg,  Shreveport  &  Pacific,  served  the  northern  section  of  Louisiana, 
and  had  important  iron-bearing  deposits  been  noted  they  would  for 
the  most  part  have  been  too  remote  from  transportation  routes  to  be  of 
economic  value.  The  transportation  situation  is  greatly  changed  now. 
Two  lines  running  north  and  south,  the  Kansas  City  Southern  and  the 
Texas  &  Pacific,  traverse  Caddo  Parish,  passing  through  Shreveport ; 
the  St.  Louis  Southwestern  Railway  runs  northward  from  Shreveport 
through  Bossier  Parish ;  and  the  Louisiana  &  Arkansas  Railway  runs 
northward  from  Minden  through  Webster  Parish.  (See  fig.  11.)  Sev- 
eral other  lines  connect  Shreveport  with  the  south,  east,  and  west.  In 
view  of  the  increased  facilities  for  transportation,  which  have  brought 
most  of  the  known  deposits  of  limonite  within  4  miles  of  a  railroad, 
interest  in  their  possibilities  has  been  revived  and  requests  have  been 
made  by  the  citizens  of  northwestern  Louisiana  that  the  iron-bearing 
deposits  should  be  further  examined  by  the  United  States  Geological 
Survey.  It  should  be  stated  here  that  since  the  work  of  Johnson 
several  other  geologists,  including  G.  D.  Harris,  A.  C.  Veatch.  and 

'  Johnson,  L.  C,  The  Iron  regions  of  northern  Louisiana  and  east  Texas :  50th  Cong., 
Ist  sesa..  House  Bx.  Doc  No.  195,  54  ppn  1888. 
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G.  C.  Matson,  have  mtide  extensive  studies  in  the  region,  for  both 
the  State  and  the  Federal  geological  surveys,  but  these  studies  have 
had  reference  more  particularly  to  the  general  and  structural  geology 
as  affecting  the  distribution  of  petroleum  and  natural  gas  or  under- 
ground n'ater,  and  little  special  attention  has  been  devoted  to  the 
iron-bearing  deposits.  An  opportunity  was  presented  for  a  recon- 
nai^ance  of  these  deposits  in  connection  with  those  of  northeastern 
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Texas  in  the  autumn  of  1914,  and  accordingly  the  writer  spent  about 
two  weeks  in  examining  the  mo.st  promising  iron-ltenring  deposits  in 
Bossier  and  Caddo  parishes  before  proceeding  to  Texas,  Although 
little  encouragement  could  be  ofTcretl  as  a  result  of  these  examina- 
tions, it  was  Itelievcd  that  more  definite  information  would  be  yielded 
by  prospecting  in  certain  localities,  and  as  the  owners  or  trustees  for 
these  properties  expi-essed  a  willingness  to  do  the  necessary  prospect- 
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ing  the  localities  were  designated  by  the  writer  with  suggestions  for 
carrying  out  the  work.  After  four  weeks  spent  in  a  reconnaissance 
of  the  northeastern  Texas  field  the  writer  returned  to  Shreveport  in 
order  to  examine  the  results  of  the  prospecting.  At  this  time  a  trip 
was  also  made  to  Minden  and  northern  Webster  Parish. 

The  limonite  deposits  of  northern  Louisiana  are  by  no  means 
confined  to  the  three  parishes  mentioned  above.  Johnson  mentions 
the  occurrence  of  limonite  also  in  Bienville,  Claiborne,  De  Soto, 
Jackson,  Lincoln,  Ouachita,  Union,  and  Winn  parishes,  and  the 
writer  noted  certain  of  these  deposits  in  De  Soto  and  Winn  parishes. 
It  is  believed,  however,  that  the  deposits  described  in  the  following 
pages  are  typical,  if  not  the  best  representatives,  of  the  iron-bearing 
deposits  in  northern  Louisiana.  Johnson,  who  had  opportunity  to 
study  the  field  as  a  whole,  regarded  Bossier  Parish  as  one  of  the 
most  promising  districts  of  the  iron-bearing  region,  and  it  is  to-day 
even  more  certain  that  if  the  limonite  deposits  in  general  were  of 
sufficient  magnitude  to  be  mined  for  iron  ore  those  of  Bossier  Parish 
would  be  first  to  be  drawn  upon,  as  Shi'eveport  would  become  the 
logical  iron-manufacturing  center.  Therefore,  if  the  most  favorably 
situated  deposits  fail  to  meet  the  requirements  of  the  iron  industry 
there  would  seem  little  need  to  extend  the  investigation  further. 
A  comparison  between  the  characteristic  limonite  deposits  of  north- 
western Louisiana  and  the  productive  deposits  of  northern  Alabama 
is  given  on  page  150,  under  "Conclusions,"  in  order  that  the  disparity 
between  them  may  be  readily  appreciated. 

On  page  109  will  be  found  a  bibliography  of  publications  relating 
to  the  geology  and  iron-bearing  deposits  of  northern  Louisiana  and 
northeastern  Texas. 

The  writer  thankfully  acknowledges  the  courteous  assistance  of 
Mr.  J.  B.  Babb,  secretary  of  the  Shreveport  Chamber  of  Commerce; 
of  the  Bolinger  Lumber  Co.;  and  of  Messrs.  E.  K.  Smith,  G.  E. 
Gilmer,  H.  Kendall,  and  J.  E.  Whitworth,  all  of  Shreveport,  with- 
out which  it  would  have  been  impossible  to  make  the  examinations 
in  Bossier  and  Caddo  parishes  with  economy  of  time  and  expense. 
To  Messrs.  A.  D.  Turner  and  J.  J.  Cahill,  of  Minden,  thanks  are  due 
for  courtesies  in  connection  with  the  work  in  Webster  Parish. 

THE  IRON-BEARING  DEPOSITS. 

CHABACTEB. 

The  principal  iron-bearing  minerals  in  northwestern  Louisiana 
are  hydrated  iron  oxides,  the  most  common  of  which  is  limonite, 
expressed  by  the  formula  2Fe203.3H20.  Pure  limonite  contains 
approximately  59.8  per  cent  of  metallic  iron,  25.7  per  cent  of  oxygen, 
and  14.5  per  cent  of  water.    Limonite  is  seldom  found  in  an  entirely 
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pure  condition,  generally  containing  more  or  less  silica  and  alumina, 
intimately  mixed  with  it  in  the  form  of  sand  and  clay,  and  small 
percentages  of  manganese,  phosphorus,  and  sulphur  in  certain  chemi- 
cal combinations,  chiefly  with  oxygen.  The  presence  of  impurities 
reduces  the  percentage  of  metallic  iron  in  limonite,  so  that  the  bulk 
of  the  commercial  chemical  analyses  show  only  45  to  55  per  cent  of 
iron. 

The  hydrated  iron  oxides  are  generally  found  near  the  surface  and 
above  ground-water  level.  Below  the  permanent  level  of  ground 
water,  where  oxidation  does  not  so  readily  take  place,  there  may  be 
found  iron  minerals  which  are  not  very  stable  when  exposed  to  the 
atmosphere.  Siderite  (iron  carbonate,  FeCOj)  and  pyrite  (iron 
disulphide,  FeSj)  are  the  most  common  of  these  minerals  found  in 
the  clays  and  sands  of  northwestern  Louisiana  below  the  level  of 
ground  water.  Both  of  these  minerals  become  altered  to  limonite. 
In  the  deposits  to  be  noted  below  siderite  plays  a  very  unimportant 
part,  being  noted  in  only  one  locality,  where  it  occurs  in  an  impure 
form  known  as  "clay  ironstone."  Pyrite  is  rarely  found  near  the 
surface.  Where  deposits  of  limonite  or  other  iron-bearing  min- 
erals pure  enough  to  be  used  for  the  manufacture  of  iron  occur  in 
quantities  sufficient  to  render  them  of  actual  or  potential  value 
they  may  be  termed  iron  ores. 

The  forms  in  which  limonite  and  other  hydrated  oxides  of  iron 
occur  in  this  region  are  varied  but  may  be  grouped  under  a  few  gen- 
eral types.  Limonite  is  widely  distributed  in  small  quantities  as  a 
cementing  material  in  sandstone,  conglomerate,  and  breccia.  Thus 
it  may  be  foimd  in  all  stages  from  a  thin,  soft  crust  in  the  sand,  in 
which  the  iron  hydroxide  is  visible  only  as  a  faint  stain,  to  a  massive, 
hard  bed,  in  which  the  iron  mineral  appears  to  compose  the  major 
portion  of  the  rock.  To  this  type  of  deposits  Johnson,*  in  his  classi- 
fication of  the  iron-bearing  deposits  of  this  region,  has  applied  the 
general  term  "  impregnation  "  deposits,  from  the  fact  that  the  iron 
hydroxide  has  been  carried  into  the  beds  in  solution.  Such  deposits 
are  being  formed  at  the  present  time,  and  instances  will  be  cited  far- 
ther on  in  this  paper.  Another  common  type  of  limonite  is  the 
nodular  form,  including  concretions,  geodes,  and  other  modifications, 
such  as  are  produced  when  a  number  of  these  forms  are  grown  to- 
gether into  a  honeycombed  or  cellular  mass.  Iron  carbonate  is  most 
frequently  found  in  nodules.  Still  another  type  is  a  more  or  less 
compact  layer  or  bed  of  limonite  that  may  have  been  formed  in  a 
bog.  The  deposit  of  this  type  may  vary  greatly  in  purity.  They 
have  been  termed  "  lacustrine  "  by  Johnson,  but  this  term  is  mislead- 
ing, for  not  all  well-defined  beds  of  limonite  have  been  deposited  in 

1  Johnson,  L.  C,  op.  clt.,  pp.  24-26. 
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bogs.  Another  type  consists  of  limonite  gravel,  formed  of  the  debris  of 
former  deposits  at  the  same  or  higher  levels.  Gravel  deposits  are 
likely  to  be  found  on  or  near  the  tops  of  hills.  In  their  general 
order  of  value  these  types  might  be  summarized  as  follows,  although 
local  conditions  may  greatly  influence  the  value  of  any  particular 
deposit:  (1)  Nodular;  (2)  bedded;  (3)  gravel;  (4)  impregnation. 

TOPOaBAPHIC  BELATION& 

The  most  conspicuous  limonite  deposits  of  Bossier,  Caddo,  and 
Webster  parishes  are  situated  on  the  plateaus  and  ridges  that  rise 
to  heights  of  100  to  800  feet  above  the  low-water  level  of  Red  River, 
or  260  to  460  feet  above  sea  level.  In  the  northern  part  of  Bossier 
Parish  there  is  a  crescent-shaped  area  of  high  red-surfaced  land  ex- 
tending from  Phelps  Lake  to  and  beyond  Rocky  Mount,  and  in  the 
northern  part  of  Webster  Parish  there  is  a  corresponding  high  area 
east  of  Bodcau  Lake.  The  higher  lands  of  Caddo  Parish  are  in  the 
southwestern  part  of  the  parish.  There  are  two  horizons  at  which 
limonite  is  commonly  found — one  at  or  near  the  tops  of  the  plateaus 
and  ridges,  the  other  near  the  top  of  a  terrace-like  area  intermediate 
between  the  Red  River  valley  and  the  highest  levels. 

GEOLOGIC  BELATIONS. 

The  rock  formations  in  which  the  limonite  deposits  of  north- 
western Louisiana  occur  are  mostly  unconsolidated  sandy  clay  and 
sand,  with  a  few  beds  of  clay  nearly  free  from  sand  and  local  in- 
durated lenses  of  ferruginous  sandstone.  In  the  reconnaissance  of  the 
limonite  deposits  made  by  the  writer  there  was  small  opportunity  for 
study  of  the  local  geology  and  of  course  none  for  mapping  the  forma- 
tion boundaries.  Probably,  however,  all  the  beds  with  which  the 
limonite  deposits  are  associated  in  the  area  under  consideration 
except  those  near  Mooringsport  (fig.  11,  No.  18)  may  be  assigned  to 
the  St.  Maurice  formation*  of  the  Claiborne  group  (Eocene). 
Deussen'  regards  the  St.  Maurice  as  the  equivalent  of  the  Mount 
Selman  and  Cook  Mountain  formations,  in  which  the  limonite  de- 
posits of  northeastern  Texas  are  found.  The  Mooringsport  beds 
are  in  the  Wilcox  formation,  which  underlies  the  Claiborne  group. 

A  small  collection  of  fossils  was  obtained  by  the  writer  from  the 
lenticular  bed  of  concretionary  limonite  in  the  wagon-road  cut  in  the 
SE.  i  sec.  25,  T.  20  N.,  R.  13  W.,  Bossier  Parish.    These  fossils  have 

*  Harris,  O.  D.,  Oil  and  gas  In  Louisiana :  U.  S.  fleol.  Survey  Bull.  429,  pp.  120-121, 
pi.   12,   1910. 

s  Deomen,  Alexander,  Geology  and  underground  waters  of  the  southeastern  part  of  the 
Texas  Coastal  Plain :  U.  S.  Qeol.  Survey  Water-Supply  Paper  336,  p.  51,  1914. 
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been  examined  by  William  H.  Dall,  who  reports  as  follows  concern- 
ing them : 

While  none  of  the  casts  are  sufficiently  complete  to  enable  me  to  be  absolutely 
certain  of  the  species,  the  ensemble  is  such  that  I  feel  there  can  be  no  great 
doubt  that  the  horizon  is  lower  Claiborne.  The  recognizable  forms  are  Venerl- 
cardia  cf.  F.  parva  Lea;  Protocardla,  probably  P.  nicoleti  Conrad;  Modlolaria 
Bp. ;  Avicula  cf.  A,  claibomensis  Lea;  Area  sp.;  Leda  cf.  L.  catcisarca  Dall; 
Leda  cf.  L,  acala  Dall;  Corbula  cf.  (7.  orUscus  Conrad;  AmpuUina?  sp.:  Volu- 
tin thes  cf.  V,  defrancei  Lea;  and  Pleurotoma  cf.  P.  saui  Lea.  This  combina- 
tion is  unmistakably  Eocene. 

The  bed  yielding  these  fossils  lies  at  the  lower  of  the  two  limonite 
horizons  mentioned  above.  The  layers  or  deposits  of  limonite  that 
simulate  beds  appear  to  be  of  small  extent  and  are  lenticular  rather 
than  tabular  in  form.  They  generally  lie  nearly  flat  but  show  notice- 
able dips  in  a  few  places.  As  rock  dips  in  this  region  are  of  con- 
siderable significance  to  the  petroleum  geologist  a  caution  should  be 
inserted  here  against  placing  too  much  reliance  on  apparent  dips  in 
limonite  layers.  These  layers  are  likely  to  develop  along  any  irregu- 
lar plane  or  zone  within  a  bed  of  sand  or  sandy  clay  that  affords  a 
passage  for  iron-bearing  solutions.  Some  cross-bedded  sands  afford 
favorable  places  for  the  deposition  of  limonite,  with  the  result  of  im- 
parting to  the  limonitfe  seam,  which  stands  out  most  conspicuously  on 
weathering,  a  very  misleading  appearance  so  far  as  its  relation  to  the 
dip  of  the  local  sediments  is  concerned. 

DEPOSITS  EXAMINED. 

B06SIEB  PARISH. 

WEST  OF  PLAIN  DEALING. 

At  a  few  points  west  and  southwest  of  the  town  of  Plain  Dealing 
there  are  outcrops  of  limonite  which  have  long  attracted  attention, 
Johnson  having  mentioned  them  in  his  report.^  One  of  these  out- 
crops shows  two  or  three  thin  layers  of  nodular  and  concretionary 
limonite  in  a  wagon-road  cut  on  the  south  slope  of  a  hill  in  the 
western  part  of  sec.  6,  T.  21  N.,  R.  13  W.  (fig.  11,  No.  1),  about  5^ 
miles  in  an  air  line  southwest  of  Plain  Dealing.  This  is  the  place 
mentioned  by  Johnson  as  situated  2  miles  south  of  Collinsburg,  a 
town  no  longer  in  existence.  The  limonite  appears  to  be  of  good 
quality,  but  not  one  of  the  layers  is  as  much  as  a  foot  thick,  and 
where  all  three  are  present  their  aggregate  thickness  is  less  than  2 
feet.    Johnson's  detailed  section  is  as  follows : 

^Johnson,  L.  C,  op.  clt.,  pp.  35-30. 
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Section  2  miles  south  of  Collinshurg,  La. 

Feet. 

Sands  and  loam  of  higher  ground 1-20 

Clayey  sands  and  sandy  clays 1 

Nodules  of  llmonlte i 

Clayey  sand 2 

Llmonlte  In  fine  nodules I 

Clayey  sand 4 

Nodules  of  llmonlte 1-1 

Reddish  clay  to  depth  unknown. 

If  this  limonite  were  concentrated  into  a  single  bed,  close  enough 
to  the  top  of  the  hill  so  that  stripping  would  not  exceed  5  or  6  feet, 
and  the  bed  were  persistent  throughout  300  acres  or  more,  it  would 
probably  be  of  some  value,  for  it  lies  within  3^  miles  of  a  railroad. 
None  of  these  essential  conditions  are  fulfilled,  however.  The  layers 
appear  to  be  lenticular  and  only  local  segregations  of  limonite  in  the 
inclosing  clay  and  sand. 

Other  outcrops  that  attracted  attention  in  early  years  are  along 
the  bluffs  of  Red  River.  On  the  slope  above  the  low  bluff  south  of 
the  site  of  the  old  Gilmer  landing,  in  the  NE.  J  sec.  35,  T.  22  N.,  R. 
14  W.  (fig.  11,  No.  2),  are  outcrops  of  two  thin  strata  of  concre- 
tionary and  nodular  limonite,  each  about  8  inches  thick  at  the  maxi- 
mum, separated  by  about  10  fe«t  of  clay  and  sand.  The  debris  from 
these  strata  produces  a  noticeable  showing  of  limonite  on  the  hill 
slope  below  the  outcrops,  giving  the  impression  that  thick  beds  are 
present,  yet  the  debris  itself  is  at  most  but  a  few  inches  thick,  as  is 
easily  demonstrated  by  a  pick.  The  quality  of  this  limonite  appears 
fair.  The  shells  and  septa  are  of  clear  dark-brown  limonite,  nearly 
free  from  sand,  but  ocher  is  present  in  the  cavities  of  unbroken 
nodules.  There  are  thin  lenses  of  hard  ferruginous  sandstone  in  the 
formation  in  this  locality.  An  analysis  of  the  limonite  is  given  on 
page  147  (No.  1). 

About  4  miles  north-northwest  of  the  old  Gilmer  landing,  near  the 
mouth  of  the  bayou  which  drains  Phelps  Lake,  is  a  hill  known  as 
Millers  Bluff  in  the  we«tcm  part  of  sec.  10,  T.  22  N.,  R.  14  W.  (fig. 
11,  No.  3).  This  bluff  is  now  about  a  quarter  of  a  mile  from  Red 
River,  but  the  river,  which  changes  its  course  considerably  from  time 
to  time,  is  said  to  have  flowed  near  the  base  of  the  bluff  at  the  time 
of  Johnson's  visit,  in  1886.  A  layer  of  concretionar}'  limonite  of 
good  quality,  6  to  8  inches  thick,  crops  out  near  the  base  of  the  hill  a 
few  feet  above  the  flood  plain.  From  20  to  30  feet  higher  there  is 
much  debris  of  a  very  sandy  limonite  or  ferruginous  sandstone. 
Sandstone  from  this  horizon  is  now  being  hauled  from  all  available 
outcrops  within  a  radius  of  3  to  4  miles  for  use  as  riprap  to  prevent 
undermining  of  the  banks  of  Red  River  at  flood  stage.    Occasionally 
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bowlders  of  limonite  are  found  and  included  with  the  sandstone,  and 
this  is  probably  the  best  use  to  which  they  can  be  put,  for  the  deposits 
are  too  thin  and  scattered  and  too  remote  from  a  railroad  (4  to  6 
miles)  to  possess  potential  value  as  iron  ore. 

NEAR  BOLINGER. 

Northwest  of  the  deposits  just  mentioned,  mainly  in  the  high 
country  between  Phelps  Lake  and  the  St.  Louis  Southwestern  Rail- 
way, limonite  in  some  form  can  be  found  on  nearly  every  section  of 
land.  Some  of  the  deposits  have  been  Imown  for  40  years  or  more, 
and  others  have  been  brought  to  notice  through  the  extensive  logging 
operations  of  the  Bolinger  Lumber  Co. 

In  the  NE.  J  sec.  6,  T.  22  N.,  R.  13  W.,  sandy  limonite  crops 
out  in  two  prominent  ledges  just  below  the  brow  of  the  hill  in  a  steep 
road  that  descends  northwestward  toward  Phelps  Lake  (fig.  11,  No. 
4).  These  ledges  are  each  about  1  foot  thick,  and  at  the  top  of  one  is 
about  an  inch  of  good  limonite.  The  material,  on  the  whole,  is  too 
siliceous  to  be  regarded  of  value.  In  the  adjoining  portions  of  sec. 
5,  T.  22  N.,  R.  13  W.,  and  sec.  32,  T.  23  N.,  R.  13  W.,  particularly  on 
the  land  of  G.  E.  Gilmer,  there  are  some  of  the  best  showings  of 
limonite  in  Bossier  Parish.  On  the  Gilmer  place  much  limonite  de- 
bris is  scattered  about  the  surface  of  the  fields  that  lie  a  few  feet 
lower  than  the  highest  parts  of  the  ridge.  Piles  of  this  fragmentary 
limonite  in  slabs  3  to  6  inches  thick  and  up  to  1  foot  long  have  been 
gathered  during  cultivation  of  the  fields,  and  some  small  fragments 
appear  in  the  sandy  fields  on  the  highest  parts  of  the  place.  In  a 
creek  bottom  southwest  of  the  farmhouse  a  bed  of  soft  ferruginous 
sandstone  and  conglomerate  is  exposed  for  100  feet  or  more.  It  is  of 
very  recent  formation,  and  during  wet  seasons  is  evidently  receiving 
ferric  hydroxide  from  waters  that  percolate  down  from  higher  levels. 

The  best  exposures  of  limonite  on  the  Gilmer  place  are  in  two  or 
three  steep  ravines  in  the  northwest  slope  of  the  bluff  facing  Phelps 
Lake.  The  following  two  sections  indicate  the  thickness  and  charac- 
ter of  the  limonite  layers  and  their  relations  to  the  inclosing  beds : 

Section  in  ravine  cutting  bluff  facing  Phelps  Lake  in  yW.  \  sec.  5,  T.  22  N.,  B, 

13  W,  (fig.  11,  No.  5). 

Ft.  In. 
Ked  sandy  loam,  with  slabs  and  bowlders  of  limonite  on 

the  slope  from  top  of  plateau 5-8         0 

Limonite,  dark  brown,  of  j?ood  quality,  with  mammillary 

surface  and  concretionary  structure,  but  fairly  free 

from  cavities 9 

Limonite,  sandy 3-4 

Red  sandy  loam  and  reddish  soft  sandstone,  with  a 

few  scales  of  sandy  limonite ^ 4         0 
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Ft        In. 
liimonite,  light  brown,  sandy  in  places;  weathers  shaly 
and  shows  ocherous  layers.     Forms  an  overhanging 

ledge 1         4 

Gray  and  red,  slightly  sandy  clay,  exposed  for  15  to  20 
feet,  then  covered  and  exposed  only  at  two  or  three 

places 40         0 

Hard  bed  of  ferruginous  sandstone  and  breccia,  exposed 
to  bottom  of  small  pool.    The  fragments  are  mainly 

angular  pieces  of  ferruginous  sandstone 3         9 

Concealed  by  wash  of  sand  and  clay 96         0 

Grayish  soft  laminated  sand 15         0 

Flood-plain  deposits  of  fine  sand,  silt,  and  organic 
matter. 

The  next  section  was  observed  in  a  ravine  about  a  quarter  of  a 
mile  northeast  of  the  point  where  the  preceding  section  was  meas- 
ured, but  it  gives  only  the  limonite-bearing  sediments. 

Bection  in  ravine  cutting  bluff  facing  Phelps  Lake  in  8W.  i  sec.  S2,  T.  2S  N.,  R 

IS  W,  (fig.  11,  No.  6), 

Ft.       In. 

Sandy  soil  on  slope . 5         0 

Limonite,  dark  brown,  generally  compact  and  lustrous..  10-16 

Slope  concealed  by  soil,  vegetation,  and  llmonite  debris.    42         0 
Limonite,  dark  brown,  slightly  concretionary,  with  mam- 
miliary   top   surface;    contains   much   lustrous,   rich 
limonite,  but  some  sandy  nodules  and  streaks,  and  a 

few  inclusions  of  ocherous  material 1         1 

Sandy  clay,  in  part  concealed 18         0 

Limonite  in  slabs  3  to  4  feet  in  length ;  top  7  inches  of 
rich  limonite  with  mammillary  surface;  lower  half 
sandy.  These  slabs  appear  to  be  out  of  place  and  to 
have  slumped  down  on  their  outer  edges,  owing  to  the 
undermining  of  the  underlying  soft  beds.  Possibly 
they  may  represent  bed  4.     (Compare  analyses  Nos.  3 

and  4,  p.  147) 10-14 

Clay  and  sandy  beds,  mostly  concealed 35         0 

Conglomerate  and  breccia  of  ferruginous  sandstone  ce- 
mented by  limonite.  At  the  top  is  a  layer,  about  10 
inches  thick,  of  shaly  limonite  and  ocher,  apparently  a 
replacement  of  sandy;  shaly  clay.  Over  the  face  of 
the  bed  where  gullied  out  by  wet-weather  streams  Is  a 
sheet  of  porous  limonite  in  process  of  deposition  from 
chalybeate  seepage 4         0 

Chemical  analyses  of  beds  2,  4,  and  6  are  given  on  page  147  (Nos. 
2,  3,  4).  The  coincidence  between  the  analyses  of  beds  4  and  6  is 
also  strong  evidence  that  the  slabs  noted  as  bed  6  in  the  section  have 
broken  off  from  bed  4.  The  analyses  indicate  that  the  upper  bed 
(No.  2)  is  of  good  quality,  and  if  it  were  of  suflScient  thickness 

10427**— Bull.  620—16 10 
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(2  feet  or  more)  and  extended  over  an  area  of  200  acres  or  more,  at 
a  depth  not  exceeding  5  feet  from  the  surface,  it  should  possibly  be 
able  to  compete  with  the  limonite  in  Cass  County,  Tex.  There  are, 
however,  nowhere  any  indications  that  this  bed  reaches  a  thickness 
much  greater  than  that  indicated  in  the  exposures,  nor  is  it  likely  that 
the  areal  extent,  through  which  this  excellence  of  quality  is  main- 
tained will  prove  to  be  very  great.  In  fact,  at  several  other  places 
where  the  corresponding  bed  is  exposed  it  is  much  more  siliceous. 
In  a  well  in  the  E.  i  SE.  J  sec.  31,  T.  23  N.,  R.  13  W.,  near  the  points 
where  the  last  two  sections  were  made,  hard  rock  was  struck  10  feet 
below  the  surface  and  at  intervals  down  to  the  bottom,  at  32  feet. 
A  fresh  sample  from  a  depth  of  10  feet,  which  should  correspond  to 
the  rich  bed  of  limonite,  is  highly  siliceous.  Some  prospecting  for 
ore  is  reported  to  have  been  done  on  the  Gilmer  land.  Although 
this  work  was  not  sufficiently  thorough  to  yield  definite  results,  fur- 
ther prospecting  should  be  undertaken  only  with  the  understanding 
that  the  chances  of  success  are  slight. 

In  two  abandoned  himber  tramway  cuts  IJ  miles  west  and  IJ  miles 
northwest  of  Bolinger  there  are  showings  of  limonite.  The  only 
one  worthy  of  mention  is  in  the  more  distant  cut,  which  is  said  to  be 
in  the  SW.  i  NW.  i  sec.  28,  T.  23  N.,  R.  13  W.  (fig.  11,  No.  7),  on  the 
Means  place.  A  face  of  9  or  10  feet  shows  about  7  feet  of  interstrati- 
fied  sand  and  limonite.  The  limonite  occurs  in  streaks  one-fourth 
to  1  inch  thick  and  in  concretionary  layers  2  to  4  inches  thick.  Some 
of  the  sand  is  slightly  glauconitic.  If  the  material  shown  in  the  face 
of  this  cut  were  concentrated,  the  limonite,  good  and  poor  together, 
would  probably  not  aggregate  more  than  20  per  cent  by  volume.  An 
analysis  of  a  sample  averaged  from  the  limonite  streaks  and  con- 
cretions and  freed  from  sand  and  clay  is  given  on  page  147  (No.  6). 
The  content  of  metallic  iron,  43.21  per  cent,  is  fair,  although  not 
quite  as  high  as  the  general  run  of  desirable  brown  ores,  which  aver- 
age about  45  per  cent.  The  silica,  19.15  per  cent,  considerably  ex- 
ceeds the  average,  and  the  alumina  is  a  trifle  high.  The  phosphorus 
and  sulphur  are  both  low.  As  the  sample  was  taken  with  care  to 
free  it  from  sand  and  clay  it  is  comparable  to  washed  and  screened 
ore,  and  it  is  not  likely  that  a  higher  grade  could  be  produced  through 
commercial  methods  of  concentration. 

Another  type  of  ferruginous  deposit  that  has  been  noted  with  inter- 
est in  the  wooded  country  northwest  of  Bolinger  crops  out  in  the 
form  of  heavy  ledges  of  dark-reddish  rock  on  the  hillsides  or  caps 
some  knolls.  This  rock  yields  a  bright-red  powder,  but  examination 
with  a  field  lens  discloses  the  presence  of  a  considerable  percentage 
of  sand  grains,  which  are  not  readily  visible  to  the  unaided  eye. 
These  deposits  would  fall  within  Johnson's  class  of  impregnation  de- 
posits and  are  foimd  to  grade  within  short  distances  into  the  fer- 
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ruginous  conglomerate  already  mentioned.  One  of  the  most  promi- 
nent exposures  of  this  ferruginous  sandstone  is  on  the  crest  of  a  hill 
about  half  a  mile  east  of  Phelps  Lake,  at  the  northeast  corner  of  the 
NW.  i  SE.  i  sec.  19,  T.  23  N.,  R.  13  W.,  on  land  of  J.  C.  Bolinger 
(fig.  11,  ^o.  8).  The  ledge  is  3  feet  9  inches  to  4  feet  thick  and 
breaks  off*  in  large  blocks  weighing  5  to  10  tons  each.  The  material 
here  is  fine  grained  and  hard  and  gives  a  very  red  powder.  There  are 
some  cavities  in  the  rock  filled  with  ocherous  material.  This  deposit 
seems  to  be  a  local  development.  It  lies  practically  flat  and  thins 
toward  the  south,  as  indicated  on  two  hills  within  a  quarter  of  a  mile 
in  that  direction.  Toward  the  southeast  the  bed  merges  into  a  con- 
glomerate and  breccia,  and  it  appears  in  this  form  on  the  Lee  place, 
in  the  SW.  i  sec.  21,  T.  23  N.,  R.  13  W.  (fig.  11,  No.  9).  Here  it  is  1 
foot  to  1  foot  3  inches  thick  and  is  composed  of  small  angular  frag- 
ments of  limonite  and  ferruginous  sandstone,  cemented  together  by 
limonite.  A  sample  of  the  material  from  the  heavy  ledge  on  the 
Bolinger  land,  which  is  the  richest  deposit  of  this  type  to  be  noted, 
gave  on  analysis  only  26.63  per  cent  of  metallic  iron. 

A  fairly  thick  slab  of  brown  and  yellow  laminated  limonite,  more 
or  less  porous,  was  examined  on  the  Honeycut  place,  reported  to  be 
in  the  SW.  i  sec.  22,  T.  23  N.,  R.  13  W.  (fig.  11,  No.  10).  This  slab 
is  1^  to  2  feet  thick  and  is  probably  not  in  its  original  place,  as  it 
appears  to  have  slumped  down  the  side  of  a  steep  gully,  where  it  lies 
about  75  feet  below  the  top  of  the  hill.  Analysis  of  a  sample  that 
was  averaged  as  well  as  possible  from  the  exterior  of  this  mass 
(p.  147,  No.  8)  shows  it  to  contain  40.99  per  cent  of  iron  and  20.81  per 
cent  of  silica.  The  quality  is  therefore  not  sufficiently  good  to  war- 
rant its  use  as  an  ore. 

The  localities  near  Bolinger,  mentioned  above,  are  all  from  three- 
quarters  of  a  mile  to  3  miles  west  of  the  St.  Louis  Southwestern  Rail- 
way. Several  old  tramway  grades  run  through  the  woods,  so  that 
arrangements  might  easily  be  made  for  getting  out  ore  if  it  should 
be  found  in  the  requisite  quantity  and  quality. 

East  of  the  railroad  limonite  crops  out  at  four  or  five  places,  but 
it  appears  to  be  of  poor  quality.  In  the  NW.  J  sec.  24,  T.  23  N.,  R. 
13  W.,  on  the  hills  north  of  the  Wyche  place  (fig.  11,  No.  11),  a 
heavy  ferruginous  sandstone,  in  places  2i  feet  thick,  caps  the  hills 
and  forms  much  debris  down  the  slopes.  The  material  contains  con- 
glomerate and  breccia  and  some  limonite  in  streaks  fairly  free  from 
sand,  but  on  the  whole  it  is  leaner  in  iron  than  the  rock  sampled  in 
sec.  19.  Near  Redland,  which  takes  its  name  from  the  color  of  the 
soil,  there  is  much  limonite  debris  in  the  soil  and  surficial  deposits. 
In  the  NE.  i  sec.  29,  T.  23  N.,  R.  12  W.,  outcroppings  of  a  layer  of 
limonite,  good  in  some  places,  poor  in  others,  and  less  than  1  foot 
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thick,  were  observed  on  the  Keown  place  (fig.  11,  No.  12).  The 
well  near  the  house,  which  passed  through  this  limonite  horizon, 
encountered  only  a  thin  layer  of  very  sandy  limonite. 

ROCKY  MOUNT. 

Limonite  occurs  at  several  places  between  Redland  and  Rocky 
Mount,  but  nowhere  in  sufficient  quantity  to  be  of  great  importance. 
Johnson  notes  the  occurrence  of  sandy  ferruginous  rock  containing 
casts  of  Claiborne  fossils  in  sees.  18  and  26,  T.  22  N.,  R.  12  W.,  and  of 
nodular  limonite  of  good  quality  in  sec.  29.  Much  ferruginous  rock 
is  exposed  in  the  immediate  vicinity  of  Rocky  Mount,  a  relatively 
high  point,  which  owes  both  its  name  and  its  altitude  to  the  heavy  beds 
of  ferruginous  sandstone  which  lie  just  below  the  surface  of  the 
highest  ground  and  whose  debris  is  scattered  down  the  steep  slopes. 
The  chief  occurrence  of  limonite  at  Rocky  Mount  mentioned  by 
Johnson  is  in  the  clay  sides  of  the  cellar  under  Hughes's  old  store- 
house. On  investigation  this  material  proved  to  be  several  thin 
plates  of  limonite,  whose  aggregate  thickness  does  not  exceed  4  or  5 
inches,  embedded  in  the  clay.  East  of  this  old  storehouse  there  is  a 
good  deal  of  residual  debris  on  the  surface.  Along  the  road  to  Ben- 
ton, just  southwest  of  Rocky  Mount,  may  be  seen  exposures  of  thin 
bands  of  ocherous  limonite  about  100  feet  below  the  level  of  the  high 
land.  About  20  to  30  feet  below  the  top  of  the  hill  a  sandy  layer  of 
limonite  less  than  1  foot  thick  shows  in  the  road,  and  the  same  layer 
crops  out  as  a  prominent  ledge  on  the  slopes  of  a  wooded  ravine  east 
of  the  wagon  road  and  about  a  quarter  of  a  mile  south  of  the  store  at 
Rocky  Mount.  Some  parts  of  this  bed  are  rich  in  limonite,  other 
parts  are  coarse,  pebbly  cemented  limonite,  and  in  places  the  silica 
pebbles  seem  to  have  been  replaced  largely  by  limonite,  so  that  alto- 
gether it  is  rather  variable.  In  the  graveyard,  a  quarter  of  a  mile 
southeast  of  the  store,  much  limonite  has  been  thrown  out  of  the  ex- 
cavations. Some  is  of  good  quality,  but  the  greater  part  is  sandy. 
There  is  a  small  knoll  in  Burke's  field  that  stands  about  15  feet  above 
the  rest  of  the  plateau  and  is  the  highest  ground  at  Rocky  Mount. 
This  knoll  shows  considerable  debris  of  ocherous,  more  or  less  sandy 
limonite,  representing  the  residue  from  a  deposit  that  onCe  lay  still 
higher. 

In  the  autumn  of  1914  seven  prospect  pits,  or  wells,  ranging  from 
6  to  17  feet  in  depth,  and  one  trench,  about  3  feet  deep  and  40  feet 
long,  were  dug  on  the  rough  land  southwest  of  the  cemetery,  in  the 
SW.  i  sec.  17,  T.  21  K,  R.  12  W.  (fig.  11,  No.  13).  The  pits  ranged 
from  near  the  level  of  the  plateau  to  a  point  low  enough  to  give  a 
fairly  good  section  of  about  40  feet  of  beds.  The  test  pits  and  trench 
collectively  show  the  following  general  section : 
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Section  shown  by  prospect  pits  at  Rocky  Mount, 

Pt         In- 

1.  Soil  and  Umonite  d^brls- 1-2 

2.  Dark  soil  and  roots 10-12 

3.  Reddish  sandy  clay  with  two  to  four  seams  of  dark 

sandy  Umonite,  one-fourth  to  one-half  inch  thick, 
coated  with  yellow  sand  that  is  sparingly  glau- 
conltic , 6  0 

4.  Hard  yellowish-red  sand,  slightly  glanconitic 1± 

5.  Dark  hard  sandy  limonite  (sand  runs  in  pockets).  6-10 

6.  Yellowish-red    sand,    sparingly    glauconitic,    with 

two  or  three  seams  of  sandy  limonite  about 

one-half  inch  thick 8  0 

7.  Sand,  mostly  silica,  with  some  admixture  of  clay; 

color  yellow,  becoming  lighter  below 8  0 

8.  Sand  similar  to  bed  7,  becoming  nearly  white  in 

lower  part;  carries  a  thin  streak  of  Siindy 
limonite :. 10-15 

The  limonite  found  in  the  vicinity  of  Rocky  Mount  seems  to  be  as- 
sociated with  sand  that  is  sparingly  glauconitic.  The  richness  or 
leanness  of  the  limonite  in  Bossier  Parish  seems  to  bear  about  the 
same  relation  to  the  abundance  or  scarcity  of  glauconite  in  the  inclos- 
ing sands  and  clays  as  in  northeastern  Texas.  A  sample  for  analysis 
was  averaged  from  layer  No.  5  from  the  prospect  trench,  and  the  re- 
sults are  given  on  page  147  (No.  9).  The  small  content  of  metallic 
iron,  36.8G  per  cent,  together  with  35.55  per  cent  of  insoluble  matter, 
shows  that  the  material  can  not  be  regarded  as  an  iron  ore. 

EAST  OF  BENTON. 

The  limonite  deposits  east  of  Benton  lie  mainly  between  Benton 
and  Midway,  at  distances  ranging  from  3^  to  7  miles  from  the  St. 
Louis  Southwestern  Railroad.  Along  the  Benton-Midway  wagon 
road  about  a  quai'ter  of  a  mile  northeast  of  Big  Cypress  Bayou,  in 
the  SW.  i  sec.  23,  T.  20  N.,  R.  13  VV.  (fig.  11,  No.  14),  a  layer  of  con- 
cretionary limonite  is  exposed  in  the  ditches  on  both  sides  of  the  road. 
This  layer  shows  a  maximum  thickness  of  about  1  foot  2  inches,  but 
is  interlaminated  with  shaly  and  ocherous  material  and  in  places 
grades  downward  into  glauconitic  sand.  Two  prospect  holes  were 
dug  here.  The  upper  one,  which  is  about  8  feet  deep,  starts  above 
\he  limonite  horizon  and  probably  does  not  go  deep  enough  to  pene- 
<rate  it.  This  hole  is  in  gray  to  yellowish-red  shale  with  no  streaks 
At  limonite  whatever.  A  second  pit,  about  4  feet  deep,  was  dug  in  a 
*'tili"  of  red  clay,  and  although  started  at  about  the  level  of  the 
limonite  ledge  it  did  not  encounter  any  limonite.  There  are  no  indi- 
cations of  limonite  in  any  of  the  roadside  exposures  for  15  feet  above 
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and  10  feet  below  the  ledge,  and  further  prospecting  should  be  dis- 
couraged. When  the  prospects  were  examined  the  exposed  portions 
of  the  limonite  layer  had  become  soaked  by  recent  rains  and  appeared 
to  be  much  more  clayey  and  ocherous  than  when  examined  in  dry 
weather. 

In  the  SE.  i  sec.  25,  T.  20  N.,  R.  13  W.,  about  5  miles  east-south- 
east of  Benton  and  IJ  miles  west  of  Linton,  a  layer  of  concretionary 
cavernous  limonite  crops  out  at  intervals  for  150  to  200  feet  in  the 
cut  at  the  west  side  of  the  wagon  road  (fig.  11,  No.  15).  This  layer 
is  12  to  19  inches  thick  and  is  overlain  and  underlain  by  clay.  The 
limonite  is  light  brown  and  shows  little  free  silica,  but  contains  much 
yellow  ocher  and  reddish  clay  in  the  pockets  and  cavities.  Tt  is 
fossiliferous  and  yielded  casts  of  a  number  of  forms,  mentioned  on 
page  133,  from  which  it  has  been  concluded  that  the  horizon  is  lower 
Claiborne.  Three  shallow  test  pits  have  been  dug  here,  one  of  them 
on  the  opposite  side  of  the  road.  The  pits  were  started  above  the 
limonite  and  go  below  the  horizon  of  the  bed.  The  pit  east  of  the 
road  encountered  fragments  of  low-grade  ocherous  limonite,  perhaps 
the  feather  edge  of  the  lens.  One  pit  about  20  feet  west  of  the  road 
shows  no  ore,  and  one  a  few  feet  away  from  the  exposure  shows  no 
increase  in  the  thickness  or  improvement  in  the  quality  of  the  layer. 
This  limonite  when  water-soaked  shows  the  presence  of  clay  and 
ocher  more  prominently  than  when  dry.  The  clay  for  at  least  30 
feet  above  and  below  the  limonite  layer  was  carefully  examined,  and 
only  one  slightly  ferruginous  seam,  about  25  feet  below  it,  was  found. 
The  small  quantity  of  limonite  present  here  discourages  further  pros- 
pecting. A  chemical  analysis  of  a  sample  averaged  from  the  layer 
at  the  point  where  the  fossils  were  collected  is  given  on  page  147  (No. 
10).  This  limonite  is  evidently  of  fairly  good  grade,  for  the  per- 
centage of  metallic  iron,  44.74,  is  close  to  the  average  of  commercial 
limonites,  and  the  impurities  are  not  far  above  the  normal.  It  is 
disappointing  to  find  that  the  quantity  is  so  small. 

Thin  layers  of  limonite  were  noted  in  several  places  along  the 
Benton-Midway  wagon  road  in  the  SE.  ^  sec.  18  and  the  SW.  i  sec. 
17,  T.  20  N.,  R.  12  W.,  and  in  gullies  on  the  old  Belcher  plantation 
north  of  this  road  (fig.  11,  No.  16).  This  limonite  is  not  more  than 
6  to  8  inches  thick  where  exposed.  It  is  concretionary,  and  ap- 
parently occurs  at  the  same  horizon  as  the  layer  in  sec.  25,  just 
described.  At  any  rate  the  two  layers  are  at  the  same  altitude  and 
are  associated  in  a  similar  manner  with  clay,  and  above  each  on  the 
highest  ground  a  bed  of  light-gray  fine  sand  overlies  the  clay.  A 
chemical  analysis  of  a  sample  of  limonite  from  the  Belcher  place 
(see  p.  147,  No.  11)  indicates  a  limonite  of  very  good  quality,  which, 
if  found  in  2-foot  to  3-f()ot  beds,  would  be  well  worth  prospecting  to 
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determine  its  areal  extent.  Little  encouragement  toward  finding  any 
great  quantity  can  be  given,  however,  as  a  result  of  study  of  the 
local  conditions. 

BELLEVUE. 

On  the  east  slope  of  Bodcau  Lake  limonite  sandy  layers  1  inch 
to  2  or  3  inches  thick  appear  in  the  wagon-road  cuts  in  several 
places.  Some  half- formed  concretionary  masses  occur  in  the  sandy 
btrata,  the  cementing  material  being  a  small  percentage  of  iron  oxide. 
Northwest  of  the  site  of  the  former  town  of  Bellevue,  in  the  NW.  J 
sec.  5,  T.  19  N.,  R.  11  W.  (fig.  11,  No.  17) ,  about  40  feet  below  the 
upland  level,  is  a  layer  6  to  8  inches  thick  of  nodules,  mostly  of 
limonite  but  probably  originally  siderite.  These  nodules  display 
interesting  structure  when  broken  open.  They  generally  show  sep- 
tarian  markings  on  the  exterior  and  have  large  hollows  in  the  inte- 
rior, with  relatively  thin  shells.  The  hollows  are  generally  lined 
with  corrugations  and  partitions  of  limonite  that  extend  part  way 
to  the  center,  some  of  them  as  thin  and  sharp  as  a'  knife  blade. 
Some  are  arranged  in  parallel  bands  around  the  circumference  and 
at  right  angles  to  the  exterior  walls,  but  in  some  nodules  they  cross 
one  another  and  form  angular  cells.  Shrinkage  cracks  are  also 
.shown  in  the  interior.  Usually  some  powdery  ocher  or  dry  clay 
is  found  in  the  sealed  cavity  when  the  nodule  is  broken  open,  but 
in  one  nodule  water  and  mud  were  found  inside.  While  of  interest 
from  the  viewpoint  of  the  student  of  natural  history  these  nodules 
or  geodes  of  limonite  are  not  present  in  sufficient  quantity  to  be  of 
commercial  value.  That  they  had  attracted  attention  nearly  30  years 
ago  is  shown  by  the  fact  that  Johnson  mentioned  them  in  his  report.^ 

CADDO  PARISH. 

Only  two  localities  were  examined  for  iron  minerals  in  Caddo 
Parish — ^near  Mooringsport  and  about  3^  miles  southwest  of  Green- 
wood. According  to  Johnson,  who  spent  considerable  time  in  this 
region,  there  are  no  other  localities  of  interest  in  this  connection  in 
this  parish. 

MOORINGSPORT. 

On  the  beach  along  the  south  shore  of  Caddo  Lake  half  to  three- 
quarters  of  a  mile  west  of  the  Mooringsport  station,  in  the  northern 
parts  of  sees.  35  and  36,  T.  20  N.,  R.  16  W.  (fig.  11,  No.  18),  several 
layers  of  "clay  ironstone,"  or  impure  iron  carbonate,  are  exposed. 
They  dip  noticeably  toward  the  southeast  and  have  a  total  thickness 
of  perhaps  2  feet  in  about  four  layers.  The  layers  are  formed  of 
concretionary  masses  3  to  8  inches  thick  and  2  to  3  feet  in  diameter. 
These  masses  are  hard  and  brittle  and  are  divided  into  septa,  and 

*  Johnson,  L.  C,  op.  cit.,  p.  38. 
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their  surfaces  scale  off  concentrically.  Along  the  septarian  planes 
oxidation  to  limonite  has  taken  place  to  a  depth  varying  from  that 
of  a  thin  scale  to  more  than  half  an  inch.  On  weathered  surfaces 
the  limonite  partitions  stand  out  in  relief  above  the  checked  surfaces 
of  the  concretions.  Small  concretions  are  oxidized  through  to  the 
center.  The  unoxidized  iron  carbonate  is  gray,  is  faintly  laminated, 
and  contains  minute  sand  grains.  These  sand  grains  are  also  dis- 
cernible in  the  portions  that  have  been  oxidized  to  limonite.  Only 
a  faint  effervescence  is  produced  by  dilute  hydrochloric  acid  on  the 
unweathered  material.  The  specific  gravity  of  this  concretionary 
material  is  noticeably  greater  than  that  of  limestone,  which  it 
resembles  in  appearance.  Four  oil  pipe  lines  extend  along  the 
beach,  and  in  leveling  for  them  some  of  the  clay  ironstone  has 
been  dug  out.  In  the  low  bluff  that  stands  15  to  25  feet  above  the 
beach  two  layers  of  concretionary  sandy  limonite  2^  inches  apart 
are  exposed,  associated  with  calcareous  shale.  These  layers  are 
B  to  7  inches' thick  and  foim  the  "ferruginous  ledge"  shown  in  a 
photograph  by  Harris.*  This  locality  is  near  the  Groom  Club- 
bouse  oil  well  No.  1. 

The  beach  where  the  lower  layer  of  concretions  was  noted  is  sub- 
ject to  floods.  Caddo  Lake  was  rather  low  at  the  time  of  visit,  the 
stage  being,  according  to  local  report,  161  feet  above  sea  level,  as 
compared  with  174  feet  for  high-water  stage.  It  is  probable,  there- 
fore, that  this  layer,  being  covered  by  water  part  of  the  year,  haS  not 
yet  had  time  to  become  thoroughly  oxidized. 

At  Mooringsport,  both  east  and  west  of  the  Kansas  City  Southern 
Railway  bridge,  the  "  ferruginous  ledge "  may  be  traced  for  some 
distance  along  the  lake  bluff,  about  10  feet  below  the  top.  The  ma- 
terial is  concretionary  impure  iron  carbonate,  altered  on  the  surface 
to  limonite,  and  becomes  soft  and  shaly  on  weathering.  The  thick- 
ness does  not  exceed  7  inches.  At  the  base  of  this  bluff  the  lower 
layer  has  been  dug  into  in  leveling  for  the  pipe  lines.  It  was  re- 
ported that  several  wagon  loads  of  the  iron  carbonate  and  limonite 
from  Mooringsport  had  been  shipped  to  an  iron  furnace  for  analysis 
and  test,  but  this  report  was  not  confirmed  by  records.  It  is  certain 
that  even  if  the  tests  proved  favorable  the  quantity  of  iron-bearing 
material  here  is  not  sufficient  for  exploitation. 

NEAR  GREENWOOD. 

About  3^  miles  southwest  of  Greenwood  the  altitude  of  the  hills 
forming  the  stream  divides  reaches  about  300  feet  in  places,  and  on 
the  higher  points  there  are  patches  of  very  red  loam  containing  debris 
of  high-grade  limonite.     In  the  SW.  J  sec.  3,  T.  17  N.,  R.  16  W.,  on 

^  Harris,  G.  D..  op.  cit.,  pi.  13. 
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land  of  J.  E.  Whitworth  (fig.  11,  No.  19),  there  is  a  conspicuous 
showing  of  residual  limonite.  This  material  consists  largely  of 
gravel  composed  of  fragments  of  the  shells  of  geodes,  but  it  contains 
also  some  whole  geodes  of  limonite.  The  residual  limonite  mantles 
the  top  of  the  hill  and  extends  down  the  north  slope  about  25  feet 
vertically.  The  thickness  of  the  limonite  gravel  is  not  known,  but  it 
can  be  determined  at  little  expense  by  means  of  a  few  test  pits.  The 
wagon  road,  which  has  been  cut  down  a  few  feet  and  graded,  does 
not  show  limonite  in  the  roadbed,  but  in  the  roadside  ditches  there 
is  more  or  less  limonite  within  a  foot  or  two  of  the  surface  and  ap- 
parently parallel  to  the  contour  of  the  hill.  The  whole  geodes  range 
from  1^  to  6  or  8  inches  in  diameter.  Some  h^ve  thin  shells,  while 
others  are  nearly  solid.  Within  the  cavities  is  usually  found  a 
colored  powder.  In  several  geodes  this  powder  is  purplish  and 
grades  into  the  hard  lining.  In  others  the  powder  is  gray  or  yellow, 
and  in  some  it  is  coarse  enough  to  be  termed  sand.  Clay  of  various 
colors  has  also  been  found  inside  the  geodes.  The  limonite  composing 
the  shells  is  generally  of  high  grade.  The  shell  and  powder  of  one  of 
these  geodes  were  analyzed  separately  with  the  results  given  on  page 
147  (Nos.  12  and  13).  The  powder  was  purple  and  yielded  0.45  per 
cent  of  manganese.  The  shell  of  this  geode  proved  to  be  the  richest 
sample  of  limonite  of  all  that  were  analyzed  from  northwestern 
Louisiana.  It  contained  50.61  per  cent  of  metallic  iron  and  only  9.85 
per  cent  of  insoluble  matter  and  the  other  impurities  were  low.  This 
analysis,  it  is  of  interest  to  note,-  coincides  very  closely  with  one  pub- 
lished by  Johnson,  given  on  page  147  (No.  14), but  he  did  not  specify 
the  locality  further  than  that  it  came  from  Greenwood.  It  is  doubt- 
ful whether  there  is  much  limonite  in  the  immediate  vicinity  of 
Greenwood,  for  the  altitude  there  is  not  as  great  as  that  of  the 
observed  horizons  of  residual  material  south  of  the  town.  Between 
the  Whitworth  land  and  Greenwood,  at  an  altitude  100  feet  lower 
than  the  residual  limonite,  a  few  crusts  of  sandy  limonite,  half  an 
inch  to  3  inches  thick,  crop  out  from  sandy  beds  at  the  roadside,  but 
these  crusts  carry  a  much  lower  percentage  of  iron  than  the  sample 
analyzed. 

As  stated  above,  a  few  test  pits  should  indicate  the  thickness  at- 
tained bv  the  residual  limonite.  If  it  is  4  or  5  feet  or  more,  and  the 
limonite  debris  constitutes  one  quarter  or  more  of  the  volume  of  the 
surface  material  it  should  be  worth  while  to  extend  the  prospecting 
so  as  to  determine  the  exact  areal  extent  of  the  deposit.  There  is 
little  probability  of  deposits  being  found  here  that  would  justify  the 
extension  of  a  railroad  spur  such  a  distance,  and  if  ore  is  ever  mar- 
keted it  must  be  hauled  by  wagon  or  motor  trucks  to  the  railroad  at 
Greenwood,  down  grade  a  good  part  of  the  distance. 
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WEBSTEB  PABISH. 
NORTH  OF  MINDEN. 

A  hasty  trip  was  made  northeastward  from  Minden  over  the  Lewis- 
ville  road  to  and  beyond  Shongaloo,  in  the  northern  part  of  the 
parish.  On  the  plateau  12  miles  northeast  of  Minden  and  about  200 
feet  higher  than  the  town,  in  the  western  part  of  sec.  14,  T.  21  N.,  R. 
9  W.  (fig.  11,  No.  20),  there  is  a  considerable  spread  of  limonite  in 
bowlders  and  gi-avel.  This  residual  mantle  appears  to  be  about  1  foot 
thick  and  would  yield  a  considerable  quantity  of  limonite  of  good 
quality,  but  it  is  spread  out  too  thin  and  is  too  far  from  a  railroad  at 
present  to  be  of  value. 

Johnson  ^  mentions  the  occurrence  of  a  bed  of  recent  conglomerate 
about  4  miles  north  of  Minden  from  which  a  block  was  sent  to  the 
New  Orleans  exhibition  of  1884-86.  This  conglomerate  was  said  to 
contain  about  26  per  cent  of  metallic  iron  in  the  limonite  cement.  It 
contained  quartz  pebbles  and  angular  fragments  of  sandstone  and 
probably  is  analogous  to  the  ferruginous  conglomerate  noted  by  the 
writer  in  the  northern  part  of  the  parish. 

NEAR  SHONGALOO. 

About  1  mile  south  of  Indian  Creek,  west  of  the  Lewisville  road 
and  2  miles  south  of  Shongaloo,  on  the  W.  H.  H.  Slack  place,  in  the 
SW.  i  sec.  3  and  the  SE.  i  sec.  4,  T.  22  N.,  R.  9  W.  (fig.  11,  No.  21), 
considerable  ferruginous  conglomerate  is  present.  This  conglomerate 
is  found  on  the  banks  of  small  creeks  and  is  forming  to-day  in  the 
beds  of  the  creeks.  In  places  it  is  fairly  rich*  in  iron  and  carries  only 
a  moderate  quantity  of  silica,  but  in  others  it  contains  pebbles  of 
white  quartz  and  chert.  It  could  not  possibly  be  utilized  as  an  ore 
of  iron. 

On  the  James  Roseberry  place,  in  the  SE.  J  sec.  18,  T.  23  N.,  R.  9 
W.,  about  4  miles  northwest  of  Shongaloo  (fig.  11,  No.  22),  a  bed 
of  ferruginous  conglomerate  appears  in  the  bed  of  a  spring  branch 
about  50  feet  below  the  level  of  the  high  plateau.  Some  parts  are 
rich  in  iron,  but  others  contain  quartz  pebbles.  It  is  reported  that 
this  bed  was  found  to  be  about  4  feet  thick  in  a  prospect  pit  made 
about  1899.  About  15  feet  higher  on  the  right  bank  of  the  creek  a 
7-foot  prospect  pit  cuts  through  a  reported  thiclmess  of  about  2 
feet  of  limonite.  Part  of  the  limonite  from  this  bed  is  sandy,  but  4 
to  6  inches  of  it  is  rich  in  iron.  There  is  no  limonite  here  thft  could 
be  mined  profitably.  An  analysis  of  a  sample  of  limonite  from  Allen 
Creek,  near  Shongaloo,  published  by  Johnson,  is  given  on  page  147 
(No.  15). 


*  Johnson,  L.   ('.,  op.   clt..  pp.  40-41. 
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ANALYSES. 

In  the  following  table  are  arranged  fifteen  analyses  of  limonite 
from  northwestern  Louisiana — eleven  being  'from  Bossier  Parish, 
three  from  Caddo  Parish,  and  one  from  Webster  Parish.  Eleven  of 
the  samples  were  collected  by  the  writer  in  the  autumn  of  1914  and 
four  of  the  analyses  are  republished  from  the  paper  by  Johnson 
already  cited.  Only  the  metallic  iron  was  determined  on  sample 
No.  7.  Most  of  these  analyses  have  been  discussed  in  the  notes  on 
the  several  localities  from  which  the  samples  were  derived.  For 
convenience  in  comparison  an  analysis  averaged  from  several  hun- 
dred commercial  analyses  of  washed  brown  ores  produced  in  the  Bir- 
mingham district,  Ala.,  is  given  as  No.  16  in  the  table.  It  is  of 
interest  to  note  that  seven  of  the  fifteen  Louisiana  limonites  carried 
more  than  the  Birmingham  average  of  metallic  iron,  that  three  others 
nearly  approached  this  average,  and  that  if  No.  7  is  omitted  the 
average  of  the  remaining  fourteen  samples  is  45.3  per  cent  of  metallic 
iron,  or  a  trifle  higher  than  the  Birmingham  average. 

Analyses  of  limonite  from  Bossier,  Caddo,  and  Webster  parishes.  La.,  and  from 

Birtningham  district,  Ala. 


No. 

MetalUc 
iron. 

Insoluble 

(practi- 

calTySiOs). 

AIiOb. 

Mn 

P 

S 

IxMson 
i^ition. 

1   

38.35 
51.94 
4Z87 
40.95 
49.97 
43.21 
26.63 
40.99 
36l86 
44.74 
4&92 
50.61 
4&67 
50.32 
45.72 
44.99 

21.40 
5.21 
23.28 
23.85 
12.15 
19.15 

29.81 
35.55 
17.30 
13.16 

9.85 
19.97 

&37 

18.72 

SiOtl4.50 

0.18 
1.15 
.93 
.99 
.62 
.26 
W 

.m 

.24 
.19 
.16 
.17 
.41 
Trace. 
.247 
.47 

0.34 
.01 
.02 
None. 
.08 
.09 

(«) 
.06 
.07 

Tmoe. 
.01 

Trace. 
.20 
.100 
.170 

2 

4.17 
1.97 
3.31 

None. 

a20 

None. 

14.22 

3  

11.94 

4 

11.34 

5 

6 

4.51 

1.53 
2.23 
3.51 
2.77 
5.16 
1.09 

None. 

None. 

None. 

None. 

None. 

None. 
.45 
.079 
.007 
.74 

14.38 

7 

(•) 
10.90 

8 

9 

10.16 

10 

16.71 

11 

13.64 

12 

13.64 

13 

8.33 

14 

10.26 

16 

11.25 

16  

3.99 

5.40 

o  Not  determbied. 


1.  From  Millers  BIufT,  Bossier  Parish.     Cited  by  L.  C.  .Johnson,  op.  cit.,  p.  .36. 

2.  From  SW.  \  sec.  32,  T.  23  N.,  R.  13  W..  Bossier  Parish,  bed  No.  2.     Analyst,  W.  C. 
Wheeler,  U.  S.  Geolo{^cal  Survey. 

3.  From  SW.  \  sec.  32,  T.  23  N.,  R.  13  W.,  Bossier  Parish,  bed  No.  4.     Analyst,  W.  C. 
Wheeler,  U.  8.  Geologlcnl  Survey. 

4.  From  SW.  )  sec.  32,  T.  23  N.,  R.  13  W.,  Bossier  Parish,  bed  No.  6.     Analyst,  W.  C. 
Wheeler,  IJ.  S.  Geolofrical  Survey. 

5.  From  SW.    \   sec.  32,  T.  23  N.,  R.   13  W.,   Bossier  Parish    (probably   bed   No.  2). 
Cited  by  L.  C.  Johnson,  op.  clt.,  p.  37. 

6.  From  SW.  \  NW.  X  sec.  28,  T.  23  N.,  R.  13  W.,  Bossier  Parish  (old  tramway  cut). 
Analyst.  W.  C.  Wheoler,  U.  S.  Geological  Survey. 

7.  From  NW.  \  8E.  \  sec.   19,  T.  23  N.,  R.   13  W.,  Bossier  Parish.     Analyst,  W.   C. 
Wheeler,  U.  8.  Geological  Survey. 

8.  From  SW.  \  sec.  22,  T.  23  N.,  R.  13  W.,  Bossier  Pariah.     Analyst,  W.  C.  Wheeler, 
U.  8.  Geological  Survey. 
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9.  From  SW.  I  seo.  17,  T.  21  N.,  R.  12  W.,  BoBsier  Parish   (Rocky  Mount).     Analyst, 
W.  C.  Wheeler,  U.  S.  Geological  Survey. 

10.  From  SE.  J  sec.  25,  T.  20  N.,  R.  13  W.,  Bossier  Parish.     Analyst,  W.  C.  Wheeler, 
U.  S.  Geological  Survey. 

11.  From  SB.  i  sec.  18,  T.  20  N.,  R.  12  W.,  Bossier  Parish.     Analyst,  W.  C.  Wheeler, 
U.  S.  Geological  Survey. 

12.  From  SW.  \  sec.  3,  T.  17  N.,  R.  16  W.,  Caddo  Parish,  near  Greenwood.     Analyst. 
W.  C.  Wheeler,  U.  S.  Geological  Survey. 

13.  Prom  SW.  }  sec.  3,  T.  17  N.,  R.  16  W.  (powder  from  geode  interior),  Caddo  Parish, 
near  Greenwood.     Analyst,  W.  C.  Wheeler,  U.  S.  Geological  Survey. 

14.  From  locality  near  Greenwood,  Caddo  Parish.    Cited  hy  L.  C.  Johnson,  op.  cit,  p.  49. 

15.  From  locality  near  Shongaloo,  Webster  Parish.    Cited  by  L.  C.  Johnson,  op.  cit.,  p.  40. 

16.  From  Woodstock  and  Champion  areas,  Birmingham  district,  Ala.     .\verage  of  sev- 
eral hundred  analyses  of  washed  brown  ore  shipped  to  blast  furnaces,  1906-1908. 

UMESTONE. 

During  the  examination  of  limonite  deposits  in  Bossier  Parish 
the  question  arose  whether  supplies  of  limestone  for  flux  would  be 
available  in  case  the  limonite  deposits  should  prove  promising.  Ac- 
cordingly an  examination  w^as  made  of  certain  exposures  of  an 
impure  grayish-blue  limestone  that  occurs  in  the  form  of  concretions 
embedded  in  the  sandy  clay  near  Red  Eiver  west  of  Alden  Bridge 
station.  These  concretions  are  exposed  in  ravines  that  lead  down 
to  the  river  and  also  in  the  river  bluffs  in  the  NW.  i  sec.  35,  T.  21  N., 
R.  14  W.  They  range  in  diameter  generally  from  6  to  18  inches,  but 
in  the  bluffs  of  Ked  River  they  reach  5  or  6  feet.  The  concretions 
have  septarian  divisions  along  which  they  may  be  broken  apart, 
and  along  these  planes  thin  films  of  calcite  are  found.  The  larger 
the  masses  the  more  sandy  they  appear  to  be  on  weathered  surfaces. 
No  analyses  are  available  showing  the  content  of  calcium  carbonate, 
but  when  freshly  broken  the  rock  effervesces  only  slowly  with  dilute 
hydrochloric  acid — an  indication  that  the  limestone  is  not  pure,  or 
else  that  it  contains  magnesia.  As  to  quantity  available,  the  concre- 
tions are  not  abundantly  exposed,  and  not  enough  of  this  rock  was 
seen  in  the  brief  reconnaissance  to  last  a  modem  blast  furnace  one 
day;  furthermore,  under  present  conditions  it  would  not  be  practi- 
cable to  obtain  limestone  for  flux  from  deposits  w^here  several  hun- 
dred times  as  much  dirt  as  stone  would  have  to  be  removed.  Lime- 
stone of  similar  character  >vas  noted  by  Johnson'  at  Carolina  Bluff, 
on  Red  River  8  miles  south  of  Collingsburg. 

If  limestone  should  be  needed  for  flux  in  this  locality,  the  most 
convenient  places  to  obtain  it  would  be  where  erosion  has  exposed 
the  Cretaceous  limestones  in  areas  of  structural  domes.  Such  an  area, 
where  a  limestone  quarry  has  already  been  developed,  is  5  miles  west 
of  Winnfield,  La.,  where  a  much-fractured  bluish-gray  and  white 
banded,  irregularly  crystalline  limestone  occurs.    This  rock  contains 

*  Johnson,  L.  C,  op.  cit,  p.  35. 
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considerable  coarse  crystalline  calcite  and  has  been  locally  termed 
marble.  Minute  crystals  of  barite  (BaSO^)  have  been  deposited  in 
open  spaces  on  the  calcite.  Whether  or  not  the  presence  of  barite 
in  minute  quantities  would  effect  the  value  of  the  limestone  as  a  flux 
is  a  question.  The  following  analysis  of  the  stone  by  W.  F.  Hille- 
brand  ^  shows  its  high  degree  of  purity : 

Analysis  of  limestone  from  Winn/ield,  La, 


Insoluble 0.65 

AI3O3 Trace. 

FeO Tiace. 

MnO 10 

CaO 55. 01 


MgO 0.60 

COj 43.43 

SO3 27 

U2O 13 


Traces  of  barium,  strontium,  chlorine,  and  organic  matter  were 
also  found. 

CONCLUSIONS. 

In  the  foregoing  notes  the  endeavor  has  been  to  present  for  each 
deposit  examined  the  facts  that  are  essential  to  determine  its  com- 
mercial availability  and  to  interpret  these  facts  in  the  light  of  obser- 
vations made  on  many  deposits  of  brown  iron  ore  in  other  districts  of 
the  South.  In  some  of  these  districts  considerable  money  has  been 
spent  in  unprofitable  prospecting  for  brown  ore ;  in  others  much  has 
been  lost  in  attempting  to  mine  deposits  whose  value  had  not  been 
demonstrated  by  prospecting.  In  certain  of  these  localities  it  was  not 
possible  to  determine  from  a  study  of  surface  indications  the  true  or 
probable  conditions.  In  northwestern  Louisiana,  however,  condi- 
tions are  such  that  geologists  should  have  no  great  difficulty  in  ap- 
praising the  limonite  deposits,  and  it  is  with  regret  that  the  writer  is 
forced  to  the  conclusion  that  these  deposits  offer  no  encouragement 
for  development  in  the  near  future.  If  this  conclusion  prevents  use- 
less prospecting,  the  examination  will  not  have  been  made  in  vain, 
although,  of  course,  the  result  is  disappointing  to  the  community, 
which  had  hoped  for  the  development  of  a  local  iron-ore  industry. 

The  tabular  summary  on  page  150  permits  a  rough  quantitative 
comparison  of  the  northwestern  Louisiana  limonite  with  the  deposits 
that  are  being  worked  in  northeastern  Texas  and  at  Russellville, 
Woodstock,  and  Champion,  Ala. 

lU.  S.  Geol.  Survey  Bull.  410,  p.   194,  1910. 
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Summary  of  quantitative  data  of  Umonite  deposits  in  northwestern  Louisiana, 

northeastern  Texas,  and  northern  Alabama. 


Locality. 


Northwestern 
LoiiisiBiui. 


North  esfl  tern 
Tezae. 


Form  of  deposit. 


Rttasellville, 
Ala. 


Woodstock, 
Ala. 


Beridual  Umonite  d^ 

brisandsofl. 
CaoGrBtiaaaiy  ledges. . 

Residual  Umonite  d^ 

bris  and  sofl. 
Concretionary  ledges. . 

Laminated  beds. 


Residual  Umonite  de- 
bris, sand,  and  gnveL 
Pockets    of   maastre 

Umonite. 
Residual  Umonite  de- 
bris, sand,  and  graveL 
Pockets    of   massive 

Umonite. 
[Residnal  Umonite  d6- 

[   Umonite. 


Thickness. 


Generally    less 

than  1  foot. 
A  few  inches  to  1} 

feet. 
A  few  inches  to  5 

feet. 
A  few  indbes  to  6 

feet. 

lto4feet 

5to35feet 


Relative  units 

Ofi 


I 


Posrible  methods  of 


10  to  25  feet. 
3  to  10  feet.: 
10  to  80  feet. 

ao  to  00  feet. 


Acres By  hand,  if  at  alL 


Hundreds  of 


Square  miles. 


I 


do. 


Hundreds  of  acres. 


By  hand,  and 
ttonaOy    by 
shoveL 


By 


Do. 


Do. 


A  RECONNAISSANCE  IN  THE  KOFA  MOUNTAINS,  ARIZONA. 


By  Edwaed  L.  Jokes,  Jr. 


INTRODUCTION. 

LOCATION. 

The  isolated  mountainous  area  here  designated  the  Kofa  Moun- 
tains lies  in  the  central  part  of  Yuma  County,  Ariz.  These  moun- 
tains cover  an  area  of  approximately  200  square  *miles  and  are  sur- 
rounded by  broad,  gently  aggraded  plains  that  separate  them  from, 
other  detached  mountains,  of  which  the  Plomosa  and  Chocolate 
mountains  and  the  Castle  Dome  Range  are  the  nearest.  The  Kofa 
mining  district,  from  which  the  moimtains  derive  their  name,  is  in 
the  southern  part  of  the  range. 

HISTORY. 

Although  southwestern  Arizona  had  been  prospected  for  many 
years,  particularly  in  the  early  sixties,  when  the  La  Paz  placers,  40 
miles  northwest  of  the  Kofa  Mountains,  were  actively  worked,  this 
area  received  little  attention  until  the  discovery  of  the  King  of  Arizona 
ore  body  in  1896.  The  King  of  Arizona  mine  produced  ore  con- 
tinuously from  the  date  of  its  opening  to  the  simamer  of  1910,  when 
the  ore  became  of  too  low  grade  for  profitable  treatment.  The  mine 
produced  gold  and  silver  bullion  to  the  amount  of  $3,500,000,  gold 
greatly  predominating  in  value.  The  smface  ore  of  the  mine  was 
extremely  rich,  much  of  it  being  worth  $1  a  pound.  Ore  of  this 
grade  was  packed  or  hauled  to  Mohawk,  on  Gila  River,  and  there 
treated  in  a  smaU  cyanide  mill.  In  1899  a  225- ton  mill  was  built 
at  the  mine  and  was  operated  until  the  mine  closed. 

In  1906  the  North  Star  ore  body,  IJ  miles  north  of  the  King  of 
Arizona,  was  discovered  by  Felix  Mayhew  and  sold  shortly  afterward 
to  the  Golden  Star  Mining  Co.  for  $350,000.  Development  was  soon 
started,  and  by  1908  this  company  had  erected  a  cyanide  mill  which 
it  operated  until  August,  1911,  when  the  ore  became  of  too  low  grade 
to  work.  The  mine  produced,  according  to  statistics  published  by 
this  Survey  in  Mineral  Resources  of  the  United  States,  approxi- 
mately $1,100,000  in  gold  and  silver.  The  deserted  camp  of  Kofa 
centers  aroimd  the  King  of  Arizona  mine,  and  the  settlement  of 

151 


152         CONTBIBUTIONS  TO   ECONOMIC   GEOLOGY,  1915,  PAKT  I. 

Polaris  about  the  North  Star  mine.  The  discovery  of  the  North 
Star  gave  renewed  impetus  to  prospecting  in  the  Kofa  Mountains, 
with  the  result  that  promising  indications  were  found  in  their  northern 
part  and  the  small  camp  of  Ocotillo  was  established.  No  ore  has 
been  shipped  from  the  prospects  near  Ocotillo,  and  the  development 
is  as  yet  insufficient  to  show  the  extent  of  the  deposits.  One  pros- 
pect has  been  developed  to  a  depth  of  300  feet,  but  with  this  excep- 
tion the  deposits  are  explored  by  shallow  shafts  and  short  tunnels, 
and  at  the  present  time  assessment  work  only  is  being  done. 

ACCESSIBILITY. 

The  supply  and  shipping  point  of  the  King  of  Arizona  and  North 
Star  mines  was  Mohawk  station,  45  miles  distant  on  the  Southern 
Pacific  Railroad,  but  since  the  closing  of  the  mines  the  southern  part 
of  the  area  is  mol'e  accessible  from  Dome,  50  miles  distant,  where 
.adequate  transportation  faciUties  may  be  had.  In  hot  weather  two 
full  days  are  required  to  make  the  trip  by  team  from  Dome  to 
the  mines,  but  by  automobile  the  time  may  be  reduced  to  four 
hoiu9.  The  railroad  point  nearest  to  the  northern  part  of  the  area 
is  Vicksbiu'g,  on  the  Atchison,  Topeka  &  Santa  Fe  Railway,  from 
which  a  fair  but  little-used  wagon  road  runs  south  for  30  miles 
across  the  desert  to  Alamo  Spring,  at  the  head  of  a  wash  draining 
to  the  north.  The  road  beyond  the  spring  to  Ocotillo  and  to  other 
prospects  in  the  northern  part  of  the  mountains  is  in  poor  condi- 
tion and  in  many  places  is  merely  an  ill-defined  trail  in  the  gulch 
bottoms.  There  are  no  roads  directly  connecting  the  northern  and 
southern  parts  of  the  area,  but  on  the  La  Posa  plain,  on  the  west 
side  of  the  Kofa  Mountains,  a  road  from  Quartzsite  leads  to  Kofa 
and  Polaris.     (See  fig.  12.) 

The  prospects  in  the  northern  part  of  the  area  were  examined  by 
the  writer  in  April,  1914,  during  a  10  days'  trip  from  Vicksburg  in 
company  with  Mr.  C.  E.  Zeigler.  The  King  of  Arizona  and  North 
Star  mines  were  examined  on  a  2  days'  trip  from  Dome.  There 
are  probably  many  small  prospects  scattered  over  the  mountainous 
region  that  intervenes  between  the  northern  and  southern  parts  of  the 
area  examined,  but  the  uncertainty  of  the  water  supply  and  the 
shortness  of  the  time  allotted  to  this  work  prevented  a  more  exten- 
sive reconnaissance. 

The  region  is  unsurveyed,  the  position  of  the  moimtains  being  in- 
dicated approximately  on  the  Land  Office  map  by  hachures.  The 
accompanying  map  (PI.  V)  is  based  in  part  on  a  traverse  line  start- 
ing from  the  Cemitosa  Tanks,  extending  to  Ocotillo,  and  thence 
going  southeastward  to  the  Big  Horn  and  adjoining  prospects.  The 
locations  of  the  King  of  Arizona  and  North  Star  mines  were  pro- 
jected from  the  Land  Office  map. 
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GEOGRAPHY. 

The  higher  summits  of  the  Kofa  Motmtains  rise  probably  2,000  feet 
above  the  surrounding  plains,  but  many  of  the  outlying  knolls  and 
mesas  have  a  reUef  of  a  few  hundred  feet  only.  The  Cemitosa  Tanks, 
at  the  north  end  of  the  mountains,  are  approximately  1,900  feet  in 
elevation,  and  Kofa,  at  the  south  end,  is  1,700  feet.     The  mountains 
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FiGUKS  12.— Index  map  showing  location  of  the  Kofa  Mountains,  Ariz. 

have  no  definite  trend;  they  are  composed  of  volcanic  rocks  that  are 
intricately  dissected  into  flat-topped  mesas  of  small  extent  or  into 
jagged  spires  and  other  fantastic  erosional  forms.  Numerous  sandy 
stream  channels  or  ''washes"  radiate  from  the  moimtainous  area  to 
the  surrounding  plains,  where  their  identity  is  completely  lost.  Rock 
waste  deposited  by  these  intermittent  streams  forms  long,  gentle 

10427^— Bull.  620—16 11 
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slopes  extending  out  from  the  base  of  the  mountains.  Only  rarely, 
during  severe  storms,  do  these  channels  carry  surface  waters,  but 
here  and  there  holes  eroded  in  the  bedrock,  called  'Hanks,"  contain 
a  small  supply  during  certain  months  of  the  year.  This  source  of 
water,  however,  is  not  to  be  depended  on.  Alamo  Spring  furnishes 
a  small  but  constant  flow  of  potable  water.  The  water  supply  of 
the  King  of  Arizona  and  North  Star  mines  was  obtained  from  wells 
reported  to  be  1,070  feet  deep,  sunk  in  the  plain  about  5  miles  dis- 
tant and  600  feet  lower  in  elevation.  The  prospectors  living  in  Oco- 
tillo  and  other  places  remote  from  these  sources  collect  during  the 
brief  rainy  season  such  water  as  they  can. 

The  climate  of  the  region  is  extremely  arid  and  the  v^etation  is 
scanty.  In  the  washes  are  scattered  mesquite  and  ironwood  trees, 
and  the  hill  slopes  support  several  varieties  of  cactuses  and  small 
thorny  shrubs.  Such  trees  as  exist  are  suitable  only  for  fuel,  and  the 
supply  in  the  vicinity  of  prospects  is  soon  depleted. 

GEOLOGY. 

The  Kof  a  Moimtains  are  composed  of  extrusive  igneous  rocks  which 
rest  on  an  eroded  surface  of  much  older  rocks.  These  older  rocks  are 
exposed  in  low  foothills  in  the  northern  and  southern  parts  of  the 
mountainous  area.  The  volcanic  rocks  are  probably  of  Tertiary  and 
Quaternary  age.  The  older  rocks  consist  of  metamorphosed  sedi- 
ments with  associated  pegmatites,  thought  to  be  of  pre-Cambrian  age, 
intruded  by  granite  and  dike  rocks  of  probable  Mesozoic  age. 

VOLOANIO  BOCKS. 

Rhyolites  and  andesites  with  accompanying  tuffs,  breccias,  and 
local  thin  beds  of  grit  are  overlain  by  oUvine  basalts  which  cap  the 
mesas.  The  thickness  of  these  volcanic  rocks  exposed  in  the  Kofa 
Moimtains  is  probably  2,000  feet.  A  light-colored  thin  fragmental 
rhyolite  on  the  eroded  surface  of  the  older  intrusive  rocks  was  noted 
near  the  Cemitosa  Tanks.  Overlying  it  are  thick  flows  of  maroon  to 
brownish  andesites  and  associated  tuffs  and  breccias.  For  the  most 
part  the  flows  are  horizontal,  but  on  some  of  the  peaks  light-colored 
tuff  beds  between  layers  of  darker  material  dip  at  steep  angles.  Near 
the  North  Star  mine  flow  bands  in  the  andesite  are  well  developed, 
but  over  most  of  the  area  examined  the  lavas  give  little  indication  of 
flow  structure.  The  rhyolite  tuff,  of  general  light  color,  contains 
sparsely  disseminated  crystals  of  orthoclase,  quartz,  and  biptite. 

Andesites  of  gray,  red,  brown,  and  intermediate  shades  constitute  a 
large  part  of  the  lava  series.  They  vary  in  texture  from  fine-grained 
dense  rocks  with  few  phenocrysts  to  those  having  abundant  pheno- 
crysts.  The  phenocrysts  are  predominantly  feldspar,  mostly  altered 
to  calcite,  but  locally  biotite  is  an  abundant  constituent  of  the  rock. 
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Tests  on  some  of  the  unaltered  feldspars  indicate  that  they  have  the 
composition  of  labradorite.  The  gromidmass  is  a  microcrystalline 
feldspar  aggregate,  colored  with  iron  oxide.  Olivine  is  a  sparse 
though  variable  constituent  of  the  andesites,  becoming  more  abimdant 
toward  the  top  of  the  series.  The  occurrence  of  this  mineral  indicates 
a  dose  relation,  and  possibly  a  gradation  in  composition,  between  the 
andesite  and  the  overlying  basalt. 

The  basalt  flows  are  300  feet  or  more  thick  in  places.  Although,  as 
suggested,  the  lower  flows  appear  to  be  closely  related  to  the  underly- 
ing andesites,  the  upper  flows  are  made  up  of  typical  black  vesicular 
basalt.  This  consists  of  a  groundmass  of  calcic  feldspar  laths  and 
augite  grains  inclosing  large  crystals  of  olivine,  some  of  which  show 
alteration  to  serpentine,  inclosed  by  rims  of  iron  oxide. 

INTRUSIVE  BOCKS. 

An  intrusive  mass  of  granite  exposed  in  a  belt  1  mile  wide  occurs 
west  of  the  Cemitosa  Tanks.  It  is  cut  by  diorite  dikes,  some  of 
which  are  100  feet  wide.  Between  the  King  of  Arizona  and  North 
Star  mines  narrow  dikes  of  monzonite  porphyry  traverse  the  highly 
metamorphosed  sediments  and  associated  pegmatites.  The  intrusive 
rocks,  though  locally  altered  along  shear  zones,  are  not  dynamically 
metamorphosed  and  are  believed  to  be  much  younger  than  the 
metamorphosed  sediments. 

The  granite  is  medium  grained  and  is  composed  of  quartz,  feldspar, 
hornblende,  and  alteration  products  and  a  few  accessory  minerals. 
The  feldspars  consist  of  orthoclase  and  a  perthitic  intergrowth  of 
orthoclase  and  albite.  In  some  of  the  sections  the  feldspars  are 
largely  altered  to  sericite.  Hornblende  is  a  variable  constituent  of 
the  rock,  though  nowhere  abimdant,  and  it  is  commonly  altered  to 
epidote  and  chlorite.  Magnetite  was  noted  as  a  secondary  mineral 
in  one  of  the  sections. 

No  fresh  specimens  of  diorite  were  obtained.  The  rock  is  coarsely 
granular,  and  large  hornblende  and  calcic  feldspar  crystals  are  appar- 
ent to  the  eye. 

The  monzonite  porphyry  has  a  fine  dark-gray  groimdmass,  in  which 
are  numerous  small  feldspars  and  more  sparsely  distributed  amphibole 
phenocrysts.  The  feldspars  consist  of  orthoclase  and  broadly  striated 
plagioclases,  probably  andesine,  in  about  equal  amount.  The  feld- 
spars are  altered  in  part  to.  sericite  and  calcite.  The  amphibole  is 
green  in  color  and  is  partly  altered  to  chlorite  and  calcite. 

SBDIMBNTABY  BOCKS. 

At  the  south  end  of  the  Kof  a  Mountains,  between  the  North  Star 
and  King  of  Arizona  mines,  highly  metamorphosed  sediments  crop 
out  at  the  base  of  the  lava  flows  and  are  the  principal  rocks  of  a 
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small  ridge  between  these  two  points.  A  dark  pyritiferoua  metamor- 
phosed shale  or  slate  forms  the  f ootwall  of  the  North  Star  vein,  and 
medium-grained  quartzose  biotite  schists  crop  out  on  the  ridge. 
Small  irregular  intrusions  of  pegmatite  occur  in  these  schists. 

ORE  DEPOSITS. 
CLASSES. 

• 

The  ore  deposits  of  the  Kofa  Mountains  consist  of  gold-bearing 
brecciated  zones  and  veins  in  andesite,  copper  replacements  along 
shear  zones  in  granite,  disseminated  galena  in  monzonite  porphyry 
dikes,  and  placer  deposits.  The  deposits  of  the  first  group  are 
regarded  as  of  Tertiary  age,  and  those  of  the  second  and  third  groups 
of  probable  Mesozoic  age.  The  placer  deposits  have  resulted  from 
the  disintegration  of  auriferous  veins  in  the  metamorphosed  rocks. 

OOI<D  DEPOSITS  IN  ANDESITE. 
GENERAL  CHARACTER. 

Brecciated  zones  and  veins  in  andesite  were  noted  in  the  areas 
examined  in  the  northern  and  southern  parts  of  the  Kofa  Mountains, 
but  only  in  the  King  of  Arizona  and  North  Star  mines  have  ore  bodies 
of  economic  importance  been  developed.  These  zones,  with  the 
exception  of  the  North  Star  vein,  trend  from  southeast  to  east,  with 
southwesterly  or  southerly  dips  from  45®  to  vertical.  The  North 
Star  vein  trends  east  but  dips  60*^  N.  The  zones  vary  from  a  few  feet 
to  60  feet  in  width.  Some  are  notably  persistent  along  their  strike; 
the  North  Star  vein,  it  is  said,  can  be  traced  for  several  miles,  and  the 
Geyser  vein  is  traceable  for  IJ  miles.  The  vein  matter  consists  of 
brecciated  andesite,  usually  silicified  and  accompanied  by  stringers  of 
calcite  and  quartz.  Quartz  commonly  occiirs  as  a  pseudomorphic 
replacement  of  calcite.  An  examination  with  the  microscope  reveals 
adularia  in  the  secondary  quartz  of  the  North  Star  vein,  and  this 
mineral  was  noted  also  in  a  specimen  from  the  Geyser  vein.  Manga- 
nese occurs  in  these  deposits  contained  in  brownish  calcite  or  as  stains 
m  the  vem  matter. 

MINES  AND  PROSPECTS. 

The  King  of  Arizona  and  North  Star  mines  are  in  the  Kofa  mining 
district,  while  the  prospects  in  the  northern  part  of  the  mountains,  as 
judged  from  location  notices  of  mining  claims,  are  in  the  Alamo 
(unorganized)  district. 

SOFA  DISTRICT. 
KINO   OP  ARIZONA  MINE. 

The  King  of  Arizona  mine  is  at  the  south  end  of  the  Kofa  Mountains, 
in  a  small  outlying  group  of  hills,  separated  from  another  hilly  area  by 
a  low  saddle.     The  collar  of  the  shaft  is  approximately  1,700  feet  in 
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elevation,  or  about  200  feet  above  the  surrounding  plain  and  200  feet 
below  the  highest  point  in  this  detached  area.  The  property  com- 
prises four  daims,  on  two  of  which  ore  has  been  developed.  At  the 
time  of  the  writer's  visit  the  mine  had  been  closed  for  four  years  and 
the  workings  were  in  part  inaccessible  and  generally  in  a  bad  state  of 
repair  below  the  100-foot  level.  Mr.  Eugene  S.  Ives,  of  Tucson,  Ariz., 
kindly  supplied  notes  regarding  the  value  of  ore  and  cost  of  treatment 
and  other  data,  and  Mr.  R.  M.  Brighton  gave  information  concerning 
methods  of  mill  treatment.  The  mine  is  developed  by  an  inclined 
shaft  750  feet  deep,  drifts  at  the  100-foot  level,  and  an  adit  at  the 
level  of  the  collar  of  the  shaft.  The  shaft  is  driven  on  the  hanging- 
wall  side  a  short  distance  south  of  the  outcrop  of  the  vein  and  approxi- 
mately 100  feet  lower.  The  drifts  extend  east  and  west  and  follow 
the  vein;  some  of  those  to  the  west  are  over  2,000  feet  long,  but  the 
drifts  east  of  the  shaft  are  not  longer  than  200  feet.  A  steam  hoist  in 
good  condition  is  still  in  position  at  the  shaft,  but  the  cyanide  mill  is 
now  dismantled. 

The  minerahzed  zone  or  lode  trends  between  N.  60^  W.  and  west 
and  dips  at  an  angle  of  60^  S.  This  zone  can  not  be  traced  beyond  the 
limits  of  the  detached  hill  area.  Its  identity  is  lost  a  few  hundred 
feet  east  of  the  mine  shaft,  but  west  of  the  shi^t  the  vein  is  covered  by 
two  claims  of  the  King  of  Arizona  group,  and  it  probably  extends  for 
a  considerable  distance  beyond  them.  On  the  King  of  Arizona  claims 
the  vein  is  stoped  out  to  the  surface  for  1,500  feet  along  its  strike. 
The  stoped  areas  are  from  a  few  feet  to  30  feet  wide  and  the  ore  body 
is  said  to  average  12  feet  in  width.  There  is  no  mine  dump,  as  all  the 
material  was  run  through  the  mill.  The  footwall  of  the  vein  is 
generally  a  well-defined  slickensided  plane,  but  the  hanging  wall  is 
more  indefinite.  The  ore  body  contained  many  small  fissures  and 
small  slip  planes,  and  most  of  them  are  parallel  to  the  trend  of  the  ore 
body,  but  several  lie  at  angles  with  the  vein,  generally  coming  in  from 
the  hanging-wall  side,  and  make  horses  of  barren  material.  About 
200  feet  east  of  the  shaft  strong  cross  fissures  filled  with  calcite  appar- 
ently limit  the  ore,  for  development  has  not  proceeded  beyond  this 
point. 

The  lode  matter  is  a  brecciated,  generally  brown  to  maroon  andesite 
porphyry.  The  dense  fine-grained  groundmass  contains  altered  white 
plagioclase  feldspars  and  small,  sparsely  distributed,  highly  altered 
ferromagnesian  minerals.  The  andesite  is  partly  silicified,  particu- 
larly where  the  fissuring  is  closely  spaced.  Stringers  of  quartz  and 
calcite  traverse  the  lode  in  all  directions.  They  vary  from  those  of 
knife-blade  thickness  to  those  several  feet  thick.  The  small  veinlets 
are  composed  of  quartz  crystals,  but  in  those  1  inch  or  more  thick  the 
walls  are  commonly  lined  with  small  quartz  crystals  and  calcite  occu- 
pies the  middle.    The  calcite  is  brown  to  black  in  color  and  is  highly 
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manganiferotis.  The  lode  matter  is  stained  with  iron  and  manga^ 
nese  oxides.  The  gold  is  said  to  occur  free  but  in  a  very  finely  divided 
state.  None  was  noted  in  the  specimens  collected  from  the  vein  and 
diunp.  The  disintegration  of  the  lode  has  produced  no  placer 
deposits. 

The  ore  is  valuable  chiefly  for  its  gold,  but  it  also  contains  silver, 
the  two  metals  being  present  in  the  ratio  of  approximately  58  to  1  in 
value.  The  ore  at  the  surface  was  very  rich,  and  many  tons  of  it 
valued  at  $2,000  a  ton  was  mined.  The  average  tenor  was  $40  a  ton. 
The  metal  content  of  the  ore  body  steadily  decreased  with  increasing 
depth  until  at  the  deepest  workings,  750  feet  below  the  siu*face,  the 
gold  and  silver  content  averaged  less  than  $3  a  ton.  At  this  figure 
the  ore  could  not  be  treated  profitably  and  the  mine  was  closed. 
The  walls  of  the  ore  body  diverge  with  increasing  depth,  and  Mr. 
Ives  states  that  at  the  bottom  of  the  shaft  they  are  80  feet  apart. 

The  ore  treatment  was  extremely  simple,  no  comphcated  or  expen- 
sive methods  being  necessary.  After  being  dry-crushed  through  jaw 
crushers  and  rolls,  to  pass  a  20  by  16  mesh,  the  ore  was  loaded  into 
vats  of  250-ton  capacity  and  there  leached  with  cyanide  solution 
for  a  period  of  nine  days.  The  strength  of  the  solution  was  4^ 
pounds  cyanide  to  the  ton  of  water.  The  gold  and  silver  were  pre- 
cipitated in  zinc  boxes  and  the  precipitate  smelted  into  bars.  The 
sands  and  slimes  were  not  separated,  as  in  ordinary  cyanide  practice, 
but  notwithstanding  this,  the  average  extraction  was  reported  to  be 
93  per  cent.  It  is  said  that  the  cost  of  development  work,  stoping, 
and  miUing;  including  general  expenses  and  taxes,  amounted  during 
the  last  few  years  of  operations  to  about  $2.80  a  ton,  and  therefore 
material  below  $3  in  assay  value  could  not  \)e  treated  profitably. 
The  mill  treated  an  average  of  200  tons  a  day. 

NORTH  STAR  MINE. 

The  North  Star  mine  is  near  the  base  of  a  lava-capped  mesa  about 
IJ  miles  north  of  the  King  of  Arizona,  at  an  elevation  of  approxi- 
mately 2,000  feet.  Between  the  outlying  hill  area  in  which  the  King 
of  Arizona  mine  is  located  and  the  North  Star  there  is  much  low-lying 
ground  covered  with  outwash  deposits. 

The  mine  was  operated  by  the  Golden  Star  Mining  Co.,  and  devel- 
opment on  the  property  was  started  in  1907,  one  year  after  its 
reported  discovery.  At  this  time  a  test  lot  of  17i  tons  of  ore  from 
the  surface  yielded  $9,774  in  gold  and  silver.  In  August,  1908,  a 
50-ton  cyanide  and  crushing  plant  had  been  installed  and  production 
had  begun.  Later  the  capacity  of  the  mill  was  increased  to  100  tons  a 
day.  The  mine  was  closed  in  August,  1911,  owing  to  a  falling  oflF  in 
the  metal  content  of  the  ore  body  and  the  high  cost  of  ore  treatment. 
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The  mine  is  developed  by  two  inclined  shafts,  No.  1  and  No.  2,  90 
and  500  feet  deep,  respectively,  and  by  drifts  and  crosscuts  on  the 
vein  at  each  100-foot  level.  An  adit  from  the  footwall  side  connects 
with  the  first  level  from  No.  2  shaft.  The  total  length  of  develop- 
ment work  is  about  3,500  feet.  The  shaft  is  equipped  with  a  steam 
hoist.  The  ore  is  treated  in  the  combination  amalgamation  and 
cyanide  mill  after  being  reduced  to  sufficient  fineness  through  crush- 
ers and  rolls  and  finally  in  tube  mills.  The  water  supply  was  obtained 
like  that  of  the*  Bang  of  Arizona — ^from  wells  over  1,000  feet  deep  in 
the  desert  plain  about  5  miles  south  of  the  mine. 

The  ore  body  of  the  North  Star  mine  is  in  a  lode  or  vein  of  silicified 
andesite  breccia  and  quartz  which  strikes  east  and  dips  about  60^  N. 
The  lode  is  10  feet  in  average  width  at  the  North  Star.  It  crops  out 
several  feet  above  the  country  rock,  and  from  the  mine  it  can  plainly 
be  seen  extending  for  a  considerable  distance  to  the  east  and  west. 
It  is  said  that  it  can  be  traced  for  several  miles  and  marks  in  a  general 
way  the  base  of  the  southern  hills  of  the  Kofa  Mountains.  At  the 
mine  the  hanging  wall  is  a  pink  flow-banded  biotite  andesite,  and  the 
footwall  a  dark  calcareous  shale  or  slate  of  probable  pre-Cambrian 
age.  The  shale  in  places  contains  finely  disseminated  pyrite.  The 
lode  probably  occurs  along  a  fault. 

The  vein  matter  is  of  striking  appearance.  Near  the  surface 
angular  fragments  of  the  pink  andesite,  in  places  altered  to  green  and 
gray  tints,  are  cemented  to  an  extremely  hard  rock  by  banded  chal- 
cedonic  quartz,  the  bands  being  well  shown  by  the  deposition  of 
minute  crystals  of  sulphides,  most  if  not  all  of  which  are  pyrite. 
Pyrite  also  occurs  disseminated  sparingly  through  the  altered  ande- 
site. Small  vugs  in  this  material  are  lined  with  sparkling  quartz 
crystals.  Under  the  xnicroscope  the  chalcedonic  quartz  is  seen  to  be 
accompanied  by  adularia  in  variable  amounts,  but  nowhere  in  the 
slides  examined  in  this  mineral  as  abundant  as  the  quartz.  A  green 
micaceous  mineral  is  developed  in  the  altered  andesite,  as  well  as  a 
little  chlorite  and  epidote. 

The  ore  is  valuable  chiefly  for  its  gold  content,  but  it  also  contains 
small  amounts  of  silver  in  about  the  ratio  of  its  occurrence  in  the 
Bang  of  Arizona  ore.  The  gold  is  said  to  occur  free  and  very  finely 
divided,  associated  with  the  fine  sulphides  in  the  chalcedonic  quartz. 

As  interpreted  from  the  assay  chart  of  the  mine,  the  high-grade  ore 
bodies  occur  in  shoots  or  chimneys  which  pitch  to  the  east.  They  are 
of  variable  width,  and  the  gold  content  deteriorates  rapidly  with 
increasing  depth  until  at  the  fifth  level  the  average  tenor  of  the  ore 
is  below  that  required  for  its  profitable  treatment — ^$14  a  ton.  Assays 
in  the  drifts  beyond  the  enriched  parts  of  the  lode  show  gold  and 
silver  in  variable  amounts,  with  a  probable  average  value  of  $2  a  ton. 
The  surface  ore  of  the  North  Star  mine  was  of  exceptionally  high 


160         CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1915,  PART  I. 

grade.  One  streak  of  ore  on  the  f  ootwall  was  said  to  have  been  worth 
from  $6  to  $20  a  pound,  and  ore  to  the  value  of  thousands  of  dollars 
was  stolen.  The  stoped-out  parts  of  the  ore  bodies  averaged  10  feet 
in  width.  No.  2  shaft  was  sunk  on  the  lode  in  the  approximate  center 
of  a  shoot  of  high-grade  ore  over  500  feet  long,  the  tenor  of  which 
exceeded  $50  a  ton.  On  the  second  level  the  high-grade  ore  occurs 
in  several  small  shoots  separated  by  ledge  matter  of  relatively  low 
grade.  On  the  third,  fourth,  and  fifth  levels  these  shoots  appear  to 
have  joined  to  form  a  shoot  which  is  comparable  in  length  to  that  of 
the  first  level,  but  which  shows  a  rapidly  decreasing  metal  content. 
The  ore  of  the  North  Star  mine  differs  markedly  from  that  of  the 
King  of  Arizona  mine  in  the  absence  of  calcite  and  in  the  abundance 
of  chalcedonic  quartz  and  pyrite,  factors  which  make  it  far  less 
amenable  to  cyanidation.  Several  processes  are  necessary  in  order 
to  reduce  the  ore  to  sufficient  fineness  to  release  the  gold  content. 
The  cost  of  mining  and  miUing  is  said  to  be  $14  a  ton.  The  disinte- 
gration of  the  North  Star  lode  has  produced  no  placer  deposits. 

ALAMO  DISTRICT. 

Brecciated  zones  in  andesite  in  the  northern  part  of  the  range  have 
been  prospected  only  in  recent  years,  most  of  the  location  notices  of 
claims  being  dated  in  1908.  As  yet  no  large,  rich  ore  shoot  has  been 
developed  in  any  of  these  zones,  but  one  prospect  shows  a  high-grade 
ore  streak,  and  encouraging  results  have  been  obtained  from  several 
others. 

GETSER  PROSPECT. 

The  Geyser  prospect,  formerly  known  as  the  Silent  King,  is  on  one 
of  several  claims  on  a  ledge  of  brecciated  andesite  porphyry  near 
Ocotillo.  The  developments  consist  of  an  inclined  shaft  about  300 
feet  deep  with  short  drifts  and  crosscuts  on  the  140-foot  and  200-foot 
levels.  The  shaft  is  sunk  at  an  angle  of  45^  on  the  hanging  wall  of 
the  lode.  The  country  rock  in  the  vicinity  of  Ocotillo  is  predomi- 
nantly a  reddish  andesite  porphyry,  with  smaUer  masses  of  rhyolites 
and  andesite  tuffs  and  thin  grit  beds.  The  lode  or  brecciated  zone  in 
the  andesite  porphyry  trends  about  N.  80°  W.  and  dips  45*^  S.  It 
can  be  traced  for  about  IJ  miles,  the  I.  X.  L.  prospect  being  located 
near  its  eastern  extremity  and  the  Rand  near  its  western  extremity. 
The  lode  ranges  in  width  from  a  few  feet  to  60  feet  on  the  Geyser 
claims,  where  for  2,000  feet  it  forms  a  prominent  ledge,  in  places  30 
feet  high.  The  brecciated  andesite  porphyry  is  replaced  by  siUca  in 
varying  amounts.  In  some  places  angular  fragments  1  foot  or  more 
in  diameter  are  replaced  to  form  banded  greenish  rocks;  in  others 
small  porphyry  fragments  are  Lttle  altered.  White,  coarsely  crys- 
talline calcite  occurs  abundantly  in  the  lode,  particularly  on  the  foot- 
wall,  where  there  are  many  stringers  and  voinlets  as  much  as  1  foot 
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wide.  The  lode  near  the  hanging  wall  contains  iron-stained  kaolin- 
ized  material  in  the  numerous  slips  and  seams  and  as  the  cementing 
substance  of  the  breccia.  Pseudomorphic  quartz  after  lamellar  cal- 
cite  occurs  in  the  hanging  wall,  and  it  indicates  a  deposition  of  calcite 
earlier  than  that  deposited  in  thefootwall. 

The  gold  occurs  free.  It  is  more  abundant  along  the  hanging  wall 
than  along  the  footwall  and  is  particularly  associated  with  the  iron- 
stained  kaolinized  material.  A  high-grade  ore  band  of  iron-stained 
breccia  is  several  feet  wide  at  the  surface,  but  gradually  thins  out  to 
a  seam  about  1  foot  wide  along  a  small  fault  plane  at  a  depth  of  90 
feet,  and  it  was  not  observed  below  the  140-foot  level.  A  specimen  of 
ore  from  the  hanging  wall  on  the  200-foot  level  shows  abundant  small 
particles  of  gold  contained  in  a  thin  film  of  iron-stained  kaohnized 
material  enveloping  a  lamellar  crystaUine  aggregate  of  pseudomor- 
phic quartz  after  calcite.  T^e  average  value  of  the  ore  from  this  pros- 
pect was  not  learned,  but  a  small  quantity  of  sorted  ore  is  said  to 
have  assayed  $140  a  ton.  No  ore  shipments  have  been  made  from 
the  property. 

RAND  PROSPECT. 

The  Rand  prospect  is  near  the  west  end  of  the  Geyser  lode,  which 
is  about  5  feet  wide  and  is  prospected  by  a  shallow  shaft  and  a  drift. 
The  ore  is  a  brecciated  biotite  andesite  cemented  principally  by  cal- 
cite, with  some  iron-stained  material  from  which  gold  can  be  panned. 
The  andesite  fragments  are  dense  and  more  or  less  silicified.  They 
contain  small  nodules  and  veinlets  of  chalcedonic  quartz,  and  small 
rust-stained  cavities  apparently  result  from  the  weathering  of  pyrite. 

I.    X.    L.   PROSPECT. 

The  I.  X.  L.  prospect  is  near  the  east  end  of  the  Geyser  lode. 
The  developments  consist  of  an  inclined  shaft  35  feet  deep,  driven 
on  iron-stained  breccia  that  is  said  to  contain  fine  gold.  Much  of  the 
lode  matter  is  a  breccia  of  small  andesite  fragments  cemented  by 
fine-grained  secondary  quartz.  Calcite  veins  of  later  age,  some  of  them 
6  inches  wide,  cut  this  breccia.  Under  the  microscope  a  thin  section 
of  the  breccia  shows  a  few  adularia  crystals  in  the  secondary  quartz. 

REQAL  GROUP. 

The  Regal  claims  are  about  a  mile  southeast  of  Ocotillo,  and  the 
workings  are  in  a  small  hill  on  the  south  side  of  Red  Raven  Wash. 
Several  brecciated  zones  and  veins  with  east-west  trend  cross  these ' 
claims  and  are  developed  by  shallow  shafts  and  tunnels.  On  the 
Regal  No.  1  an  inclined  shaft  about  35  feet  deep  is  driven  in  iron- 
stained  brecciated  andesite  porphyry.  The  zone  is  about  6  feet  wide, 
trends  N.  80**  W.,  and  dips  45°  S.    The  zone  is  said  to  assay  S8  a 
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ton  in  gold.  On  the  Regal  claim  a  70-foot  tunnel  driven  N.  10^  E. 
into  the  hill,  a  winze  35  feet  deep,  and  two  short  drifts  constitute  the 
development  work.  The  country  rock,  is  andesite  porphyry  and  gray 
tuff,  cut  by  numerous  veins  and  stringers  of  quartz  and  calcite,  most 
of  which  have  vertical  dips.  The  largest  calcite  veins  are  6  to  8  inches 
wide,  and  the  winze  was  sunk  on  one  of  these  veins.  A  short  drift 
from  the  bottom  of  the  winze  intersects  and  follows  for  20  feet  a 
quartz  vein  about  1  foot  wide.  The  quartz  is  porous  and  in  places 
shows  distinctly  a  pseudomorphic  replacement  of  calcite.  It  is 
coated  with  an  abundant  manganese  oxide  residue,  probably  originally 
contained  in  the  calcite.  This  material  is  said  to  yield  gold  on 
panning. 

C.   O.   D.   GROUP. 

The  C.  O.  D.  group  consists  of  several  claims  on  a  zone  of  brecciated 
red  andesite  porphyry  which  trends  aboilt  N.  70°  W.  and  crops  out 
in  several  places  along  the  course  of  Red  Raven  Wash.  The  brec- 
ciated zone  is  from  10  to  40  feet  wide,  is  partly  silicified,  and  in  one 
place  contains  a  calcite  vein  3  feet  wide.  A  shaft  on  one  of  the  claims 
is  probably  100  feet  deep.  The  material  on  the  dump  consists  of 
silicified  andesite  fragments,  calcite,  and  gouge,  but  the  tenor  of  the 
ore  was  not  learned.  Development  on  other  claims  of  this  group  con- 
sists merely  of  shallow  discovery  holes. 

CLAIMS  SOUTHEAST  OF  OCOTILLO. 

On  the  south  and  west^sides  of  Red  Raven  Wash,  about  7  miles 
southeast  of  Ocotillo,  are  20  or  more  claims  covering  low  hiUs  that 
lie  between  high  mesas  to  the  west  and  the  broad  desert  plain  to  the 
east.  These  claims  are  on  the  outcrops  of  numerous  small  brecciated 
zones  and  calcite  and  quartz  veins  in  andesite  and  associated  tuffs. 
The  development  work  on  most  of  them  consists  simply  of  shallow 
discovery  holes  and  short  tunnels,  so  that  little  could  be  learned  of 
the  continuity  or  character  of  these  mineralized  zones.  The  veins 
trend  from  northwest  to  west,  and  all  have  southerly  dips.  Mr.  A.  R. 
Gibson  has  submitted  a  sketch  map  of  many  of  the  claims  surrounding 
the  Big  Horn  and  has  indicated  localities  from  which  free  gold  can  be 
panned,  but  no  assays  are  available. 

BIO  HORN  PROSPECTT. 

The  workings  of  the  Big  Horn  prospect  consist  of  a  tunnel  120  feet 
long  which  connects  with  a  shaft  35  feet  below  the  collar.  The  tunnel 
is  driven  N.  25^  E.  and  cuts  several  small  shear  zones  in  the  andesite 
porphyry  stained  with  iron  and  manganese  oxides.  A  shear  zone 
several  feet  wide,  with  2  inches  of  slickensided  gouge,  is  exposed  in 
the  shaft.  The  country  rock  of  andesite  porphyry  is  gray,  brown,  or 
purple  and  contains  abundant  altered  calcic  feldspars  in  a  dense 
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groundmass.    Fine  flake  gold  is  said  to  have  been  found  in  the  gouge 
material  from  these  fissures. 

CEMITOBA  PROSPECT. 

The  Cemitosa  prospect  is  in  Cemitosa  Wash,  a  short  distance  west 
of  the  Cemitosa  Tanks.  The  workings  consist  of  small  discovery  holes 
in  a  brecciated  zone  of  andesite  porphyry  10  feet  wide.  This  zone 
trends  N.  50®  W.,  has  a  vertical  dip,  and  can  be  traced  for  1,500  feet 
along  the  westerly  slope  of  a  basalt-capped  mesa  north  of  the  Cemitosa 
Tanks.  The  country  rock  is  a  reddish  to  brown  andesite  porphyry 
which  apparently  grades  into  the  basalt  capping  of  the  mesa.  The 
andesite  at  this  point  is  probably  a  thin  flow  overlying  granite,  which 
is  exposed  at  about  the  same  elevation  a  short  distance  west  and 
southwest  of  the  tanks.  The  brecciated  zone  is  iron-stained  and  con- 
tains numerous  stringers  of  calcite,  some  of  which  are  1  foot  wide. 
Part  of  the  calcite  is  dark  colored  and  it  probably  contains  manganese. 
Fine  colors  of  gold  may  be  obtained  from  parts  of  this  lode  by  careful 
panning,  but  the  highest  assay  in  gold  reported  from  this  prospect  is 
$3  a  ton. 

COPPER  DEPOSITS  IK  OBANITE. 
GENERAL   CHARACTER. 

The  copper  deposits  examined  in  this  reconnaissance  occur  in  the 
northern  part  of  the  Kofa  Mountains  along  a  shear  zone  in  granite. 
The  granite  is  exposed  in  an  area  of  low  relief  in  a  zone  over  1  mile 
wide  west  of  the  Cemitosa  Tanks.  Small  knolls  and  mesas  on  the 
eroded  surface  of  the  granite  are  composed  of  quartzose  breccias  and 
tuffs  and  andesites.  North  of  Cemitosa  Wash  the  mesas  are  numer- 
ous and  the  area  of  granite  is  restricted  to  narrow  belts  in  the  arroyos, 
and  to  the  south  the  granite  is  largely  concealed  by  outwash  deposits. 
The  shear  zone,  which  trends  northwest,  marks  in  a  general  way  the 
western  limit  of  the  granite  and  probably  represents  a  fault.  Along 
this  zone  the  granite  is  hydro  thermally  altered,  and  sericite,  chlorite, 
epidote,  and  a  greenish  talcose  mineral  are  prominently  developed. 
A  sheared  basic  dike  consisting  chiefly  of  altered  pyroxene  occurs  in 
this  zone  and  is  associated  with  the  copper  mineralization  of  the 
Alamo  group. 

ALAMO   GROUP. 

The  Alamo  group  consists  of  several  claims  along  the  western  base 
of  mesas  north  of  a  low  divide  at  the  head  of  Cemitosa  Wash.  The 
workings  are  all  shallow  holes  or  short  drifts  which  explore  the  out- 
crop of  the  shear  zone.  Nearly  all  these  workings  show  copper- 
stained  rock  and  in  some  there  are  small  irregular  veins  and  seams 
of  oxidized  copper  ores  containing  chrysocoUa,  malachite,  and  earthy 
oxides.     The  country  rock  of  granite  and  basic  dike  rock  is  highly 
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altered  and  numerous  slip  planes  are  exposed  in  the  workings.  The 
development  is  insufficient  to  indicate  fully  the  character  of  the 
deposit,  and  no  ore  body  has  yet  been  found. 

ALONAH   GROUP. 

The  Alonah  group  comprises  several  claims  south  of  the  road 
between  the  Cemitosa  Tanks  and  Alamo  Spring.  The  relief  is  low, 
and  the  outwash  from  the  mesas  to  the  west  conceals  much  of  the 
granite.  The  developments  consist  of  shallow  holes  sunk  in  the 
sheared  and  altered  granite,  apparently  along  the  same  shear  zone 
or  fault  on  which  the  Alamo  group  is  located.  Along  this  zone  the 
feldspar  of  the  granite  is  in  places  completely  sericitized  and  the 
ferromagnesian  minerals  are  altered  to  chlorite  and  epidote.  The 
mineralization  has  produced  small  seams  and  replacements  of  the 
sheared  granite  by  oxidized  copper  minerals  and  disseminated  mag- 
netite, but  the  copper  content  is  low.  The  development  is  entirely 
too  superficial  to  show  whether  an  ore  body  is  present. 

LEAD  DEPOSITS  IN  MONZONITE  POKPHYBY. 

A  dike  of  monzonite  porphyry  which  cuts  the  pre-Cambrian 
metamorphic  rocks  crops  out  on  a  small  ridge  about  a  mile  north  of 
the  King  of  Arizona  mine.  A  short  timnel  has  been  driven  along  a 
vein  in  the  intrusive  rock  near  the  contact.  No  work  was  being 
done  at  the  time  of  the  writer's  visit,  and  the  timnel  could  not  be 
entered.  The  ore  consists  of  a  galena  disseminated  in  a  gangue  of 
coarse  fluorspar  and  calcite  crystals.  The  tenor  of  the  ore  was  not 
learned.  This  occurrence  of  galena  is  similar  to  deposits  of  economic 
importance  in  the  Castle  Dome  Range,  where  the  galena  is  separated 
from  the  gangue  minerals  fluorspar  and  calcite  by  dry  concentration. 

PLACEB  DEPOSITS. 

The  known  placer  deposits  of  the  Kof  a  Mountains  ocxjur  in  a  gulch 
draining  westward  north  of  the  detached  hiUs  in  which  the  Eang  of 
Arizona  mine  is  located.  These  placers  have  been  worked  for  many 
years,  and  the  total  production  is  reported  to  be  about  $40,000  in 
gold  nuggets.  At  present  these  placers  are  being  worked  in  a  small 
way,  and  a  yearly  production  of  several  hundred  dollars  is  reported. 
The  gold  occurs  in  outwash  deposits  which  consist  of  bowlders  and 
fragments  from  the  metamorphic  and  volcanic  rocks.  The  gold- 
bearing  debris  is  said  to  be  from  a  few  feet  to  70  feet  deep  over  an 
area  of  approximately  60  acres.  The  gold  is  coarse  and  occurs  near 
bedrock.  It  has  evidently  been  derived  from  the  disintegration  of 
auriferous  veins  in  the  metamorphic  rocks,  as  it  is  much  coarser  than 
that  contained  in  the  North  Star  and  King  of  Arizona  veins. 


A  RECONNAISSANCE  OF  THE  COTTONWOOD-AMERICAN 

FORK  MINING  REGION,  UTAH. 


By  B.  S.  Butler  and  G.  F.  Loughlin. 


INTRODUCTION. 

The  data  on  which  this  report  is  based  were  obtained  iiji  the  summer 
of  1912  during  a  reconnaissance  of  the  mining  districts  of  Utah  made 
in  a  general  study  of  the  ore  deposits  of  the  State,  and  it  was  origi- 
nally intended  to  publish  the  description  in  the  general  report, 
which  is  now  nearing  completion  and  which  will  include  an  account 
of  the  region  herein  described.  Owing  to  the  unusual  interest  now 
being  shown  in  the  region,  however,  it  seems  desirable  to  issue  this 
description  in  advance  of  the  report  on  the  entire  State. 

The  report  is  based  on  a  reconnaissance  quite  insufficient  to  permit 
a  thorough  study  of  the  very  complicated  geology,  but  the  attempt 
was  made  to  determine  the  main  features  of  stratigraphy,  structure, 
and  ore  deposition,  and  it  is  hoped  that  the  results  here  presented 
will  be  of  assistance  to  those  engaged  in  mining.  It  should  be  borne 
in  mind  that  both  the  descriptions  and  the  map,  though  expressing 
the  general  features  of  the  district,  lack  the  detail  desirable  for  the 
laying  out  of  mining  development.  Such  detail  can  be  procured  only 
by  very  careful  mapping.  A  portion  of  the  Park  City  district, 
mapped  by  Boutwell,  Irving,  and  Woolsey,  is  shown  on  the  map 
(PL  VI)  to  indicate  the  relation  of  the  region  discussed  to  that  dis- 
trict. The  map  of  the  Park  City  district  as  a  whole  is  published  in 
Professional  Paper  77  of  the  Survey. 

The  Cottonwood-American  Fork  mining  region  includes  the  Big 
Cottonwood,  Little  Cottonwood,  and  American  Fork  districts,  which 
are  situated  in  the  central  part  of  the  Wasatch  Mountains  just  south- 
west of  the  Park  City  district.  Its  approximate  limits  are  parallels 
40°  30'  and  40°  .40'  and  meridians  111°  34'  and  111°  45'.  Alta,  the 
principal  town,  is  centrally  located,  near  the  head  of  Little  Cotton- 
wood Canyon,  about  20  miles  southeast  of  Salt  Lake  City.  Each  of 
the  three  districts  is  named  from  a  prominent  canyon,  which  heads 
near  the  main  divide  and  extends  westward  to  the  front  of  the  range. 
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The  districts  are  separated  from  one  another  by  the  divides  bound- 
ing the  canyons. 

The  Big  Cottonwood  district  is  the  northernmost  of  the  three  and 
is  reached  in  summer  by  automobile  stage  from  Salt  Lake  City  to 
Brighton  (Silver  Lake),  a  summer  resort  near  the  head  of  the  can- 
yon. Ore  is  hauled  by  wagon  down  the  canyon  to  the  smelters  in 
Salt  Lake  Valley. 

The  Little  Cottonwood  district  is  between  the  other  two  and  in- 
cludes Alta,  the  principal  settlement  of  the  region,  which  is  reached 
by  stage  from  Sandy,  16  miles  to  the  west,  in  Salt  Lake  Valley.  Ore 
from  most  of  the  Little  Cottonwood  mines  is  conveyed  by  aerial 
tramway  about  5  miles  to  Tanners  Flat,  and  thence  about  2  miles  by 
wagon  to  Wasatch,  the  terminus  of  a  spur  line  which  connects  with 
the  Denver  &  Rio  Grande  Railroad  at  Midvale.  The  railroad  fol- 
lows the  course  of  the  old  tramway,  which  was  abandoned  years  ago. 

The  American  Fork  district,  the  southernmost  of  the  three,  is 
reached  by  wagon  from  the  town  of  American  Fork,  on  the  Denver 
&  Rio  Grande  and  the  San  Pedro,  Los  Angeles  &  Salt  Lake  rail- 
roads. The  town  is  about  20  miles  from  the  more  important  mines, 
which  are  grouped  near  the  head  of  the  canyon.  A  stage  has  been 
operated  intermittently  between  the  town  and  the  mining  district. 
In  the  early  days  a  railroad  was  built  for  a  distance  of  about  16 
miles  up  the  canyon,  but  it  was  demolished  in  1878  and  its  iron  sold. 

A  few  notes  on  the  Alpine  mining  district,  which  lies  about  5 
miles  north  of  the  town  of  American  Fork,  west  of  the  area  shown 
on  Plate  VI,  are  given  on  pages  223-224. 

PREVIOUS  WORK. 

No  detailed  geologic  work  covering  the  entire  region  has  ever  been 
undertaken.  The  first  geologic  mapping  was  done  by  the  geologists 
of  the  Fortieth  Parallel  Survey  in  1869,^  and  their  map,  published 
in  1877,  has  been  of  great  assistance  to  all  engaged  in  the  study  of 
the  region  since  that  time.  The  general  geology  of  the  middle 
Wasatch  Range  was  briefly  described  by  Boutwell.*  Descriptions  of 
certain  mines  studied  in  1880  were  published  in  the  report  of  the  Tenth 
Census  of  the  United  States,  extracts  from  which  are  quoted  in  the 
following  pages.  The  glaciation  of  the  region  has  been  described  by 
Atwood.*  No  recent  study  of  the  geology  of  the  region  as  a  whole 
was  imdertaken  until  the  writers'  reconnaissance  in  1912.  In  that 
year  a  study  of  the  stratigraphy  and  structure  of  the  Cottonwood  spe- 
cial quadrangle,  which  covers  the  area  between  the  meridians  111°  34' 

^V.  S.  Geol.  Expl.  40th  Par.  Kept.,  vol.  2,  pp.  342-306,  1877. 

*Boutwell,  J.  M.,  Geology  and  ore  deposits  of  the  Park  City  district,  Utah,  with  con- 
trlbutlODB  by  L.  H.  Woolney :  U.  S.  Geol.  Survey  Prof.  Paper  77,  p.  41,  1912. 
*  Atwood,  W.  W.,  Glaciation  of  the  Uinta  and  Wasatch  mountalna :  U.  B.  Geol.  Survey 
of.  Paper  01,  1909. 
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and  111**  40'  shown  on  Plate  VI,  was  made  by  F.  F.  Hintze,  jr.* 
Hintze's  results  in  part  duplicate  and  in  part  supplement  those  of 
the  writers.  Additional  confidence  in  the  accuracy  of  the  interpre- 
tation of  the  general  stratigraphic  and  structural  relations  is  felt 
from  the  fact  that  Hintze  and  the  writers,  studying  the  area  inde- 
pendently, arrived  at  substantially  the  same  conclusions.^  Other 
papers  which  deal  with  certain  features  of  the  geology  of  the  region 
are  cited  in  the  following  pages. 

Since  the  beginning  of  the  recent  activity  in  mining  around  Alta, 
several  articles  on  the  new  developments  have  appeared  in  mining 
journals  and  newspapers.  Among  the  more  important  of  these  are 
the  following: 

Ryan,  G.  H.,  The  strike  in  the  Cardiff :  Salt  Lalce  Mining  Review,  Nov.  30, 
1914,  p.  15.  Describes  the  relation  of  the  newly  found  ore  body  to  local 
geologic  structure. 

Some  Alta  activities  [special  correspondence] :  Eng.  and  Min.  Jour., 

Apr.  17,  1915,  pp.  689-690.  Shows  the  replacement  ore  bodies  along  limestone- 
quartzite  contact  to  be  connected  with  ore-bearing  fissures,  and  describes  de- 
velopments in  the  Cardiff,  Columbus  Extension,  and  South  Hecla  mines. 

Howard,  L.  O.,  Mining  in  Utah:  Min,  [and  Sci.]  Press,  Sept.  18,  1915,  pp. 
445-446.  Describes  conditions  existing  in  the  Big  and  Little  Cottonwood  dis- 
tricts, especially  as  regards  the  intrinsic  value  of  mining  shares.  Accompanied 
by  map  showing  claim  boundaries  of  principal  properties 

TOPOGRAPHY. 

The  region  extends  from  the  crest  of  the  Wasatch  Range  to  the 
edge  of  Salt  Lake  Valley  and  is  therefore  one  of  strong  relief.  The 
west  base  of  the  range  has  an  approximate  elevation  of  6,000  feet, 
and  the  highest  summits,  between  the  upper  parts  of  Little  Cotton- 
wood and  American  Fork  canyons,  attain  altitudes  of  almost  11,500 
feet  above  sea  level.  Alta,  around  which  are  located  the  principal 
mines  in  Little  Cottonwood  Canyon,  is  at  an  elevation  of  8,700  feet 
and  lies  just  north  of  Mount  Baldy  and  Twin  Peaks,  the  highest 
summits  of  the  region.  Brighton,  or  Silver  Lake,  also  has  an  ele- 
vation of  about  8,700  feet  and  is  surrounded  by  summits  attaining 
over  10,000  feet.  Similar  contrasts  in  elevation  are  found  in  the 
American  Fork  district. 

The  effects  of  recent  glaciation  are  strongly  expressed.  The  slopes 
are  usually  steep  and  smoothed ;  many  of  them  include  considerable 
areas  of  bare,  polished  rock,  and  others  contain  extensive  deposit^ 
of  drift  that  effectively  conceal  the  bedrock  geology.  The  canyons 
have  the  U  shape,  branch  canyons  are  of  the  "hanging"  type,  and 

1  Hintze,  F.  F.,  jr.,  A  contribution  to  the  geology  of  the  Wasatch  Mountains,  Utah :  New 
Tork  Acad.  Sci.  Annals,  tOI.  23,  pp.  85-143,  pis.  1-6,  1013. 

'  Loughlin,  G.  F.,  Reconnaissance  in  the  southern  Wasatch  Mountains,  Utah :  Jour.  Geol- 
ogy, Tol.  21,  pp.  486-452,  1913. 
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the  heads  of  canyons  have  the  basin  or  cirque  form — all  characteris- 
tic of  glaciated  areas. 

The  region  is  one  of  considerable  precipitation,  including  heavy 
snowfall  which  greatly  interferes  with  winter  operations.  Since 
the  removal  of  the  timber,  which  was  abundant  in  the  early  days, 
snowslides  have  been  a  menace  to  life  and  property.  It  is  stated  that 
in  the  Little  Cottonwood  district  alone  about  300  lives  have  been  lost 
and  much  property  destroyed  as  the  result  of  snowslides.^  At  the 
higher  elevations  the  snow  remains  until  late  in  summer,  and  in  years 
of  especially  heavy  fall  it  may  not  entirely  disappear  before  the 
snows  of  the  next  autumn  begin  to  accumulate. 

Water  is  abundant  and  of  excellent  quality.  The  creeks  in  the 
three  main  canyons  furnish  hydroelectric  power  which  is  used  by 
several  of  the  mines  and  is  sufficient  to  supply  any  requirements  of 
the  mining  region  and  of  the  neighboring  towns  in  Salt  Lake  and 
Utah  valleys. 

GEOLOGY. 

GENEBAL  FEATUBES. 

The  formations  of  the  Wasatch  Range  as  a  whole  represent  practi- 
cally all  the  geologic  periods  from  Archean  to  Tertiary.  The  sedi- 
mentary formations  have  a  general  northerly  strike,  and  their  pre- 
vailing dip  is  eastward,  but  they  are  affected  by  north-south  folds, 
as  in  many  of  the  ranges  of  western  Utah,  and  in  places  by  over- 
thrust  faults  of  moderate  to  great  extent.  Within  the  Cottonwood- 
American  Fork  region,  h6wever,  the  stratigraphic  succession  is 
present  only  in  part  and  is  interrupted  by  unconformities.  The 
prevailing  northerly  trend  of  the  formations  is  obliterated  by  a  local 
doming  around  a  prominent  intrusive  stock.  The  rocks  have  also 
been  displaced  by  an  overthrust  fault,  which  appears  to  have  been 
produced  by  pressure  from  the  east,  whereas  those  in  northern  Utah, 
southern  Idaho,  and  southwestern  Wyoming  are  attributed,  in  large 
part  at  least,  to  thrust  from  the  west.^ 

SEDIMENTABY  BOCKS. 

Age. — The  sedimentary  formations  within  the  Cotton  wood- Ameri- 
can Fork  region  are  of  pre-Cambrian,  Cambrian,  Devonian,  Carbon- 
iferous and  Triassic  age.  They  may  be  divided  into  two  main  groups — 
the  quartzite  and  shale  series,  of  pre-Cambrian  and  Cambrian  age — 
and  the  great  limestone  series,  the  "Wasatch  limestone"  of  the 

^  Palmer,  Leroy,  Modem  milling  at  Alta,  Utab :  Salt  Lake  Min.  Bev.,  vol.  8,  p.  17,  1906. 

*  Richards,  B.  W.,  and  Mansfield,  G.  B.,  The  Bannock  overthrust :  Jour.  Geology,  vol.  20, 
No.  8,  pp.  681-700,  1912.  Blackwelder,  Eliot,  New  light  on  the  geology  of  the  Waaatch 
Mountaina,  Utah :  Geol.  Soc.  America  Bull.,  vol.  21,  pp.  517-633,  1910. 
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Fortieth  Parallel  Survey  geologists,  which  is  mostly  of  Mississip- 
pian  (lower  Carboniferous)  age,  but  also  includes  strata  of  De- 
vonian, Cambrian,  and  in  some  places,  perhaps,  of  other  ages.  Owing 
to  the  overthrust  fault  which  has  caused  a  part  of  the  quartzite  and 
shale  series  to  override  the  lower  limestone  beds,  the  stratigraphic 
sequence  in  Little  Cottonwood  Canyon  appears  to  be  as  follows:  A 
thick  basal  series  of  quartzite  and  shale,  a  '^ower  limestone,"  an 
"upper  quartzite,"  and  the  great  upper  limestone  covered  by  later 
formations.  The  "lower  limestone"  and  "upper  quartzite"  were 
called,  respectively,  the  "  Ute  limestone  "  and  the  "  Ogden  quartzite  " 
by  the  geologists  of  the  Fortieth  Parallel  Survey,  but  the  work  of  the 
writers  and  of  Hintze  has  shown  that  these  formations  are  not  con- 
tinuous throughout  the  region,  also  that  the  "lower  limestone"  con- 
tains Mississippian  fossils,  and,  therefore,  can  not  be  the  same  as  the 
Ute  limestone,  which  is  of  Middle  Cambrian  age,  whereas  the  top- 
most shaly  beds  of  the  "  upper  quartzite  "  contain  fossils  of  Middle 
Cambrian  age. 

Pre-Camhrian  rocks. — ^The  pre-Cambrian  rocks  of  the  region  con- 
sist of  a  series  of  quartzite,  schist,  and  slate,  or  shale,  about  11,000 
feet  thick.  They  make  up  the  peaks  north  and  south  of  Big  Cotton- 
wood Canyon  and  form  the  north  boundary  and  part  of  the  east 
boundary  of  the  granodiorite  stock  along  Little  Cottonwood  Canyon. 
Their  strike  is  generally  parallel  to  the  granodiorite  contact.  They 
dip  very  steeply  to  the  north,  with  numerous  contortions,  in  the 
western  part  of  Big  Cottonwood  Canyon,  but  the  dip  becomes  less 
steep  farther  east  and  is  as  low  as  30°  along  the  divide  northwest 
of  Alta.  The  quartzite  members  of  this  series  are  prevailingly  light 
gray,  though  some  are  reddish  and  purplish  brown.  The  slate  and 
shale  members  are  black,  drab,  greenish,  and  purplish,  and  some  of 
them  have  a  strong  daty  cleavage.  Mud  cracks  and  ripple  marks 
are  commonly  present. 

Near  or  at  the  top  of  the  pre-Cambrian  section  is  an  unusual  con- 
glomeratic bed  in  which  pebbles  and  bowldere  are  embedded  in  a 
very  fine  matrix.  The  character  of  this  conglomerate  strongly  sug- 
gests that  it  is  of  ancient  glacial  origin,  as  suggested  by  Hintze,  who 
has  studied  the  rock  in  some  detail.^ 

Cambrian  quartzite  and  shale, — ^The  Cambrian  strata  are  sepa- 
rated from  the  pre-Cambrian  by  a  slight  angular  unconformity,  which 
is  marked  by  a  basal  conglomerate.  These  strata  include  quartzite, 
shale,  and  limestone.  The  quartzite  and  shale  band  extends  from  a 
point  north  of  Big  Cottonwood  Canyon  southeastward  to  the  upper 
part  of  American  Fork  canyon.  In  the  area  north  and  south  of 
Alta  it  appears  as  two  parallel  bands,  separated  by  a  band  of  shale 

»  rilntze,  P.  P..  Jr.,  op.  clt.,  pp.  99-101. 
10427**— Bull.  620—16 12 
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and  limestone  along  the  course  of  the  overthrust  fault.  Southwest- 
ward  from  the  head  of  American  Fork  the  Cambrian  quartzite  and 
shale,  as  well  as  the  pre-Cambrian  strata,  are  cut  off  by  the  grano- 
diorite  intrusion.  Along  the  lower  half  of  American  Fork  Canyon 
and  in  the  frontal  hills  east  of  Alpine  the  Cambrian  quartzite  is 
exposed  at  three  localities,  where  small,  faulted  domal  uplifts  have 
brought  it  above  the  present  surface. 

The  dip  of  the  quartzite  in  the  Big  Cottonwood  district  is,  as  a 
rule,  rather  low  (about  30°)  eastward  or  northeastward,  but  just 
northwest  of  Alta  and  also  near  the  American  Fork  divide  it  is 
locally  steepened  and  contorted  along  two  reverse  faults,  the  more 
prominent  of  which  extends  along  Superior  Gulch.  Just  south  of 
Alta,  around  Mount  Baldy,  the  dip  is  unusually  flat,  owing  to  local 
warping  along  the  west  end  of  the  Clajiion  Peak  stock.  South  of 
the  American  Fork  divide  the  dip  is  at  a  uniform  low  angle  (15® 
to  20°)  to  the  east-southeast. 

The  Cambrian  quartzite  as  a  whole  is  of  very  light  gray  color  on 
fresh  surfaces  and  yellowish  on  weathered  surfaces.  Its  lower  part 
contains  many  beds  of  fine  conglomerate.  Its  upper  part  is  thinner 
bedded  than  the  average  and  grades  upward  into  a  dark  sandy  shale, 
which  contains  thin  intercalated  beds  of  quartzite  and  which  in  turn 
grades  upward  into  the  argillaceous  limestone  that  forms  the  basal 
beds  of  the  great  limestone  series. 

In  Big  Cottonwood  Canyon  at  two  horizons  in  the  shale  Walcott ' 
found  Lower  and  Middle  Cambrian  fossils.  In  Little  Cottonwood 
Canyon  fossils  were  collected  by  the  writers  from  the  shale  ex- 
posures a  little  south  and  east  of  the  Flagstaff  mine.  On  this  col- 
lection L.  D.  Burling  made  the  following  report :  "  Contains  Zacan- 
thoides  cf.  Z.  spinosus  and  Obolus  (Westonia)  ella  and  is  almost 
certainly  to  be  correlated  with  the  Spence  shale  of  the  lower  portion 
of  the  Middle  Cambrian."  Another  collection  was  made  at  a  hori- 
zon about  100  feet  higher,  of  which  Mr.  Burling  says,  "  Contains 
Micromita  (Iphidella)  pennula  and  is  probably  to  be  referred  to 
the  lower  part  of  the  Middle  Cambrian."  A  collection  was  also 
made  from  the  shale  on  the  divide  between  Little  Cottonwood  and 
American  Fork  canyons.  Of  this  Mr.  Burling  says,  '^  Contains 
Obolus  (Westonia)  ella  and  is  probably  to  be  referred  to  the  lower 
part  of  the  Middle  Cambrian,  though  this  species  is  not  very  diag- 
nostic." 

The  thickness  of  the  Cambrian  quartzite  is  given  by  Hintze*  as 
700  feet,  and  that  of  the  overlying  shale  as  150  to  200  feet. 

Cambrian  limestone, — The  limestone  overlying  the  Lower  and 
Middle  Cambrian  shale  and  having  the  same  geographic  extent 


1  Walcott,  C.  D^  Correlation  papers — Cambrian  :  U.  S.  Geol.  Surrey  Bull.  81,  p.  319,  1891. 
'  Hintze,  F.  F.,  jr.,  op.  clt.,  pp.  103-104. 
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consists  for  the  most  part  of  shaly  and  dolomitic  beds,  the  latter 
occurring  mostly  in  the  upper  middle  part.  The  following  section 
of  this  limestone  was  measured  by  Hintze :  ^ 

Section  of  Cambrian  limestone  on  Mill  D  South  Fork. 

Feet. 
Alternating  blue  shale  and  limestone  conglomerate  in  beds 

1  Inch  to  6  inches  thick 10 

Alternating  shale  and  limestone,  passing  into  shale 20 

Thin  fissile  blue  shale 6 

Dark-blue    thin-bedded    limestones,    partings   exceedingly    ir- 
regular    55 

Dark-blue  heavy-bedded  limestone,  with  a  wormy  appearance, 

holes  far  apart 45 

White  limestone,  thin  bedded 10 

Dark-blue  wormy-looking  limestone,  greatly  resembling  typical 

bird's-eye  limestone  of  the  East 85 

Thin-bedded  brown  shale,  strongly  Jointed  toward  the  top CO 

Finely  intercalated  lime  and  shale 10 

Light-blue  streaky  limestone;  weathers  white 15 

Blue  heavy-bedded  limestone,  with  wormy  appearance  toward 

top 60 

Brown  shale;  blocky  appearance  from  extreme  Jointing 75 

Blue  limestone  intercalated  with  seams  of  clay,  giving  a  banded 

appearance 30 

481 
Subformation :  Alta  shale 200 

Hintze  tentatively  assigned  this  limestone  to  the  Ordovician,  but 
Burling,^  in  a  more  recent  paper,  states  that  he  and  F.  B.  Weeks 
foimd  Middle  Cambrian  fossils  in  the  type  section  of  the  limestone, 
at  the  south  end  of  Reed  and  Benson  Ridge.  The  limestone  has  a 
character  typical  of  the  Middle  Cambrian  in  other  parts  of  Utah, 
but  its  thickness,  less  than  500  feet,  is  much  less  than  the  thicknesses 
of  other  Middle  Cambrian  sections  that  have  been  measured  in  the 

State. 

Unconformity  at  top  of  Middle  Cambrian. — ^The  oldest  strata  rec- 
ognized in  the  Little  Cottonwood  district  above  the  Middle  Cam- 
brian limestone,  and  resting  in  apparent  conformity  upon  it,  are  of 
Lower  Devonian  age.  The  Upper  Cambrian,  Ordovician,  and  Silu- 
rian are  therefore  not  present  in  this  district  and  may  be  absent  from 
the  entire  Cottonwood- American  Fork  region.  The  general  imi- 
formity  of  strike  and  dip  and  the  lithologic  similarity  of  beds  at 
different  horizons  throughout  the  great  limestone  series  prevent  a 

1  Hintze,  F.  F.,  Jr.,  op.  clt.,  pp.  105-106. 

9  Burling,  L.  D.,  Early  Cambrian  stratigraphy  in  the  North  American  Cordillera,  with 
discussion  of  the  Albertella  and  related  faunas :  Canada  Geol.  Survey  Mus.  Boll.  2,  p.  101. 
1014. 
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more  positive  statement  until  the  series  has  been  studied  in  great 
detail  throughout  the  region. 

Devoman  limestone. — ^Devonian  fossils  in  the  region  were  first 
found  by  Tenney^  in  1873.  In  1912  fossils  of  this  age  were  also 
found  by  Hintze^  on  Montreal  Hill,  a  small  area  not  traversed  by 
either  of  the  writers.    Hintze's  section  is  as  follows : 

ft 

Section  of  Devonian  {Baison  limestone)  found  on  Mill  D  South  Fork, 

Feet. 

Hard  dark-blue  cherty  coraUlne  limestone 100 

Massive  dark-blue  limestone 300 

Fossiliferous  blue  limestone 3 

Thick-bedded  blue  limestone 100 

Dark-blue  cherty  and  breccia  ted  limestone 200 

Dark-blue  limestone 100 

Dark  porous  limestone,  very  fossiliferous 21 

Thick-bedded  blue  limestone,  extensively  bored 120 

Thick-bedded  light-blue  limestone 43 

Thin-bedded  blue  limestone 45 

1,032 

The  Devonian  limestone  is  stated  by  Hintze  to  rest  imconformably 
upon  the  Middle  Cambrian  limestone.  Its  base  ^^is  marked  by  a 
limestone  conglomerate  which  rests  upon  a  thin  bed  of  yellowish- 
green  shale,  which  in  turn  rests  on  a  thick  limestone  member.  This 
condition  is  best  shown  on  the  Keed  and  Benson  Ridge,  just  above 
the  old  mine  workings  of  the  same  name.  It  is  also  exposed  on  the 
ridge  between  Days  Fork  and  Little  Cottonwood  Canyon,  just  west 
of  Flagstaff  Mountain."  Hintze  proposes  the  name  Benson  lime- 
stone to  designate  the  Devonian  strata. 

These  exposures  suffice  to  show  that  the  Devonian  limestone  is 
continuous  to  the  northwest  of  Alta.  It  may  well  be  present  south 
of  Alta  also,  but  its  extent  in  this  part  of  the  region  is  not  known. 
In  American  Fork  Canyon  south  of  the  Pacific  (Blue  Rock)  mine, 
limestone  of  probable  Mississippian  age  lies  only  a  few  hundred 
feet  above  the  Middle  Cambrian  shale,  and  if  any  Devonian  lime- 
stone is  present  at  this  place  it  will  doubtless  prove  to  be  much 
thinner  than  the  exposures  northwest  of  Alta. 

Mississippian  limestone. — ^The  Mississippian  limestone  is  the  most 
extensive  limestone  in  the  region,  and  stretches  in  a  continuous  broad 
belt  from  the  hills  north  of  Big  Cottonwood  Canyon  to  the  southern 
limits  of  the  region  and  several  miles  beyond.  It  forms  a  continuous 
eastward-dipping  belt,  except  at  Alta,  where  it  is  interrupted  by  the 
quartz  diorite  stock.  Mississippian  beds  also  form  the  uppermost 
part  of  the  "  lower  limestone  "  at  the  head  of  Mill  D  South  Fork. 

^  Tenney,  Sanborn,  On  Devonian  foRsils  in  the  Wasatch  Mountains :  Am.  Joar.  Sd.,  3d 
•er.,  vol.  5,  pp.  139-140,  1873. 

•  Illntze,  F,  P.,  Jr.,  op.  clt,  pp.  108-113. 
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The  lower  beds  consist  of  massive  dark-blue  limestone  containing 
abundant  fossils.  The  upper  part  is  also  of  dark  color  and  f ossilifer- 
ous  and  is,  in  addition,  characterized  by  prominent  lenses  and  nodules 
of  black  chert.  At  or  near  the  top  of  the  cherty  horizon  is  a  light 
yellowish-gray  limestone  exposed  on  both  sides  of  Mill  D  South 
Fork. 

The  following  lots  of  fossils  were  identified  by  G.  H.  Girty,  of  the 
United  States  Geological  Survey : 

South  end  of  "  lower  limestone  "  spur,  head  of  Mill  D  South  Fork : 


Syringopora  sp. 
Zaphrentis  sp. 
Amplexus  sp. 
Spirif er  centronatus. 


Syrlngothyrls  (?)  sp. 
Oomposita  sp. 

Clelothyrldlna  orasslcardinalls. 
Euomphalus  sp. 


Mr.  Girty  states  that  the  Madison  (lower  Mississippian)  age  of 
these  fossils  is  highly  probable. 

West  slope  of  Mill  D  South  Fork,  near  crest  of  ridge,  about  a  quarter  of  a 
mile  north  of  the  Carbonate  mine : 


Syringopora  sp. 
Zaphrentis  sp. 


Spirifer  centronatus. 


Northern  part  of  Reade  and  Benson  Ridge,  about  one-tenth  of  a  mile  north 
of  latitude  40*  38'.    Bed  Just  above  light-gray  limestone  bed,  at  approximate 
base  of  intercalated  limestone  and  quartzite  horizon : 
Spirifer  centronatus. 

These  two  lots  are  also  stated  by  Mr.  Girty  to  be  of  Madison  age. 

Above  this  light-gray  bed  is  a  considerable  thickness  of  argilla- 
ceous limestone  with  intercalated  beds  of  limy  quartzite,  which  passes 
upward  into  the  Weber  quartzite.  These  intercalated  beds  have  been 
noted  by  the  writers  along  the  northern  part  of  Reed  and  Benson 
Ridge  and  along  the  narrow  ridge  just  north  of  Ant  Knolls,  along 
the  Wasatch  County-Utah  County  boundary.  The  one  fossil  already 
listed  as  found  in  its  lowest  beds  at  the  first-named  locality  determines 
its  basal  beds  as  within  or  just  above  the  Madison  limestone.  The 
following  fossils  collected  from  the  upper  beds,  at  the  small  low 
knob  just  northwest  of  Ant  Knolls,  were  determined  by  Mr.  Girty 
as  follows  and  assigned  by  him  to  the  upper  Mississippian : 


Fenestella  sp. 
Chonetes  sp. 
Diaphragmus  elegans. 


Martinia?  sp. 
Oomposita  sp. 
Cliothyridina  klrsuta. 


According  to  Hintze,^  a  cream-colored  sandstone  250  feet  thick  and 
overlain  by  35  feet  of  brown  and  red  shales  is  present  in  the  middle 
of  the  Mississippian  limestone  section.  These  beds  were  not  noted 
on  the  ground  covered  by  the  writers.    Hintze  states  that  the  Mis- 


^mntze,  F.  F.,  Jr.,  op.  cit,  p.  109. 
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sissippian  has  a  total  thickness  of  940  feet  and  is  overlain  uncon- 
f  ormably  by  the  Weber  quartzite,  of  Pennsylvanian  age.  The  writers 
did  not  attempt  to  estimate  the  thickness  of  the  Mississippian  and 
gave  practically  no  attention  to  formations  of  later  age,  beyond 
indicating  their  approximate  locations  on  the  map. 

Poat-Mississippian  formations. — ^The  post-Mississippian  forma- 
tions within  the  Cottonwood- American  Fork  region  include  the 
Weber  quartzite,  Park  City  formation,  Thaynes  formation,  Ankareh 
shale,  and  Nugget  sandstone.  The  Weber  quartzite  forms  the  slopes 
of  Big  Cottonwood  Canyon  and  the  summit  of  the  ridge  east  of 
American  Fork  canyon.  The  Park  City  formation  is  mostly  con- 
cealed by  glacial  drift  and  therefore  is  not  separated  on  the  map 
from  the  Weber  quartzite.  Its  approximate  position  should  be  along 
the  floor  or  lower  east  slope  of  Big  Cottonwood  Canyon  from  Brigh- 
ton (Silver  Lake)  northwestward.  The  Thaynas  formation  extends 
along  the  northeast  slope  of  Big  Cottonwood  Canyon,  and  the  over- 
lying Ankareh  shale  forms  the  crest  of  the  ridge  which  marks  the 
boundary  between  Salt  Lake  and  Summit  counties.  The  Nugget 
sandstone  is  exposed  only  in  a  small  area  at  the  north  edge  of  the 
area  mapped. 

These  formations  are  all  more  extensive  and  more  important  com- 
mercially in  the  Park  City  district,  and  full  descriptions  of  them 
will  be  found  in  Boutwell's  report  on  that  district.^ 

laNEOUS  BOCKS. 

The  extensive  east-west  zone  of  intrusion  of  the  central  part  of 
the  Wasatch  Mountains  crosses  the  area  under  discussion.  Within 
this  area  at  the  west  is  the  Little  Cottonwood  stock  of  granodiorite, 
and  at  the  east,  extending  from  Alta  into  the  Park  City  area,  is  the 
Clayton  Peak  stock  of  quartz  diorite.  These  two  main  intrusive 
bodies  are  separated  by  about  a  mile  of  sedimentary  rocks.  The  size 
and  relation  of  these  bodies  can  be  best  understood  by  reference  to 
the  accompanying  map  (PI.  VI).  Although  there  is  no  surface  con- 
nection between  the  two  masses,  the  similarity  of  the  rocks  and  the 
presence  of  numerous  dikes  of  similar  rock  in  the  area  between  the 
two  bodies  make  it  seem  very  probable  th^t  they  are  of  common  origin 
and  are  connected  beneath  the  surface. 

As  already  mentioned,  the  sedimentary  rocks  are  cut  by  numerous 
dikes  of  a  porphyritic  rock  similar  in  composition  to  the  intrusive 
masses  and  also  by  some  much  more  siliceous  dikes.  A  few  small 
pegmatitic  dikes  were  noted,  and  detailed  study  of  the  area  may 
reveal  other  types  of  intrusive  rocks. 

^  BoutweU,  J.  M.,  op.  dt 
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Little  Cottonwood  stock  of  granodiorite. — ^The  Little  Cottonwood 
intrusive  body  is  composed  of  a  rock  of  rather  uniform  composition. 
This  stock  was  designated  Archean  by  the  geologists  of  the  Fortieth 
Parallel  Survey,  but  their  interpretation  was  questioned  by  Geikie/ 
who  pointed  out  features  indicative  of  the  intrusive  relations  of  the 
rock.  Its  intrusive  character  was  later  verified  by  Emmons,"  one  of 
the  Fortieth  Parallel  Survey  geologists,  who  revisited  the  district 
in  1903.  The  interior  of  the  stock  has  been  exposed  to  a  depth  of  at 
least  5,000  feet  in  Little  Cottonwood  Canyon,  and  so  far  as  observed 
there  is  but  little  change  in  the  rock  from  the  portion  adjacent  to 
the  intruded  rocks  to  the  deeper  exposed  portions  of  the  mass.  Typi- 
cally it  is  a  rock  of  granitic  texture,  locally  porphyritic,  with  light- 
gray  groundmass  containing  rather  abundant  dark  minerals.  Quartz, 
feldspar,  hornblende,  and  biotite  are  readily  recognized,  and  usually 
small  yellowish-brown  crystals  of  sphene  can  be  detected.  Under 
the  microscope,  in  addition  to  the  above-mentioned  minerals,  magne- 
tite and  apatite  are  seen  to  be  rather  abundant  accessory  minerals  and 
a  few  crystals  of  zircon  are  noted.  Both  plagioclase  and  orthoclase 
feldspar  are  present,  the  former  being  far  more  abundant  than  the 
latter.  The  plagioclase  is  mostly  oligoclase  but  scattered  crystals  as 
basic  as  andesine  are  present.  Orthoclase  and  albite  form  micropeg- 
matitic  intergrowths,  but  such  intergrowths  are  of  small  amount  in 
the  specimens  examined.  Biotite  and  hornblende  are  present  in 
about  equal  amounts.    Both  are  the  common  varieties. 

A  rather  notable  feature  observed  at  numerous  points  is  the  pres- 
ence of  kidney-shaped  portions  distinctly  darker  than  the  main  body 
of  the  rock.  These  range  from  a  fraction  of  an  inch  to  several  inches 
in  length  and  for  the  most  part  show  a  distinct  gradation  to  the 
normal  rock.  In  mineral  constituents  they  are  identical  with  the 
main  rock,  the  difference  being  due  to  a  relative  increase  in  the 
amount  of  certain  minerals,  notably  plagioclase,  biotite,  hornblende, 
and  apatite  and  probably  titanite  and  magnetite.  The  similarity  in 
mineral  constituents  and  the  gradation  to  the  main  rock  type  suggest 
that  these  darker  portions  have  resulted  from  a  segregation  of  the 
more  basic  minerals  during  the  process  of  crystallization.  It  may 
readily  be  imagined,  however,  that  portions  of  the  magma  which  had 
already  crystallized  were  torn  loose  as  the  magma  was  intruded  and 
disseminated  through  the  mass,  and  that  they  were  later  partly 
dissolved  and  recrystallized  and  thus  show  now  a  gradation  to  the 

normal  rock. 

* 

^  Gelkle,  Archibald,  Archean  rocks  of  the  Wahsatch  Mountains :  Am.  Jour.  Scl.,  3d  ser., 
TOl.  19,  pp.  363-367,  1880. 

»  Emmons,  S.  F.,  The  Little  Cottonwood  granite  body  of  the  Wasatch  Mountains :  Am. 
Jour.  ScL,  4th  ser.,  vol.  16,  pp.  139-147,  1908. 
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A  chemical  analysis  of  a  specimen  of  the  granodiorite  collected  near 
the  wagon  road  about  one-third  of  a  mile  below  the  power  house  in 
Little  Cottonwood  Canyon  shows  the  following  composition : 

Analysis  of  granodiorite  one-third  of  a  mile  below  power  house.  Little  Cottonwood  Canyon, 


(R.  C.  Wells,  analTSt.] 


SiOj :     67.02 

AljO, 15.78 

FcjO, 1.56 

FeO 2.18 

MgO 1.09 

CaO 3.31 

NajO 3.85 

KaO 3.67 

HjO- 29 

H3O+ 63 


TiOj. 
ZrOj. 
COj.. 

PA- 
S.... 

MnO 

BaO. 


0.37 
.04 
.00 
.26 
.03 
.02 
.13 


100.23 


No  analyses  of  the  hornblende  and  biotite  of  the  rock  are  available, 
so  that  it  is  not  possible  to  calculate  the  mineral  composition  accu- 
rately. From  the  chemical  analyses  and  microscopic  study  it  is 
believed  that  the  following  closely  represents  the  mineral  composition 
of  the  rock : 

Approximate  mineral  composition  of  granodiorite,  lAttle  Cottonwood  Canyon, 

Hornblende 7 

Magnetite 2 

Tltanlte 1 

Apatite ^ 


Quartz 20 

Orthoclase  molecule 20 

Albite  molecule 30 

Anorthite  molecule 12 

Biotite 7 


Clayton  Peak  stock  of  quartz  diorite. — ^The  Clayton  Peak  mass 
of  quartz  diorite  is  very  similar  to  the  Little  Cottonwood  stock  of 
granodiorite  in  its  relations  to  the  sedimentary  rocks,  though  more 
linear  in  outline.  The  mineral  constituents  are  the  same,  but  in  gen- 
eral quartz  is  less  abundant  and  plagioclase  and  the  dark  minerals 
form  a  larger  percentage  of  the  rock.  This  mass  extends  into  the 
Park  City  area  and  has  been  described  by  Boutwell  and  Woolsey.* 
It  contains  many  dark  inclusions,  especially  near  the  northern  con- 
tact at  the  pass  between  Alta  and  Brighton  (Silver  Lake).  Along 
the  southern  contact,  due  south  of  Brighton,  a  considerable  body  of 
darker  augite-biotite  diorite  has  separated  from  the  main  mass. 

Quartz  diorite  porphyry  dikes. — ^Numerous  dikes  cut  the  sedi- 
mentary rocks  in  the  area  between  and  around  the  two  main  in- 
trusive masses  and  have  been  found  throughout  the  area  from  its 
northern  limit  as  far  south  as  the  Dutchman  mine,  in  American 
Fork  canyon.    They  vary  considerably  in  appearance  and  doubtless 


^  BoutweU,  J.  M.,  op.  dt,  p.  76. 
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in  composition.  Commonly  they  are  dark  rocks  with  rather  abun- 
dant phenocrysts  of  plagioclase,  hornblende,  and  biotite  in  a  ground- 
mass  of  the  same  minerals,  together  with  orthoclase  and  some  quartz. 
In  mineral  constituents  they  are  similar  to  both  of  the  large  in- 
trusive bodies  but  for  the  most  part,  at  least,  are  more  basic  than 
either.  Some  of  the  dikes  are  probably  true  diorite  porphyries; 
others  are  of  distinctly  monzonitic  character.  Although  none  of 
these  dikes  were  found  to  be  directly  connected  with  the  main  in- 
trusive bodies,  it  is  believed  that  they  are  offshoots  from  these  larger 
bodies  and  are  connected  with  them  below  the  surface. 

Gramte  porphyry  dikes. — Dikes  of  granite  porphyry  were  noted 
on  the  north  side  of  Little  Cottonwood  Canyon.  Such  a  dike  is  well 
exposed  a  short  distance  north  of  the  Columbus  Consolidated  plant, 
where  it  can  be  traced  for  several. hundred  feet,  striking  several  de- 
grees north  of  east  and  apparently  standing  nearly  vertical.  Similar 
dike  rocks  were  noted  farther  east  in  the  direction  of  the  strike  of 
this  dike. 

The  dikes  are  light  fine-grained  rocks  containing  scattered  phe- 
nocrysts of  quartz  and  feldspar  and  usually  iron-stained  cavities 
where  some  mineral  has  oxidized  and  been  partly  removed  in  solu- 
tion. Under  the  microscope  the  phenocrysts  are  seen  to  be  quartz, 
plagioclase,  and  orthoclase  in  a  groundmass  of  quartz  and  ortho- 
clase, the  orthoclase  forming  a  very  large  percentage  of  the  rock. 
Sericitic  muscovite  is  rather  abundant  as  an  alteration  product  of 
the  feldspars. 

Aplitic  and  pegmatite  dikes, — ^Aplitic  dikes  are  numerous,  and  a 
few  of  pegmatite  were  noted.  A  small  vein  of  pyroxene  and  quartz 
is  associated  with  one  of  the  small  aplitic  dikes  on  the  slope  north- 
west of  the  pass  between  Silver  Lake  and  Snake  Creek.  The  pyrox- 
ene occurs  in  dark  greenish-black  crystals  as  much  as  1  inch  in  length 
and  is  near  diopside  in  character.  Some  crystals  are  partly  altered 
to  a  greenish-gray  fibrous  amphibole.  The  aplite  also  contains  simi- 
lar crystals  of  fibrous  or  multiple-twinned  amphibole.  This  vein, 
though  small,  is  of  interest  as  an  indication  that  the  mineralizing 
agents  which  developed  diopside  and  associated  minerals  in  the 
limestone  at  the  contact  near  by  were  also  active  within  the  granite, 
where  they  represented  the  latest  phase  of  the  intrusion. 

STBUCTUBE. 

The  structure  of  the  district  is  complex,  and  detailed  mapping  is 
necessary  to  work  it  out  with  the  accuracy  desirable  for  the  direction 
of  mining  operations.  Notes  on  the  general  relations  are  presented 
below,  and  it  is  hoped  that  they  will  prove  of  assistance  in  working 
out  the  detailed  structural  relations  at  the  individual  mines. 
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FOLDING. 

The  north-south  folds  that  were  apparently  one  of  the  earliest 
structural  developments  of  this  general  region  are  not  conspicuous 
in  the  Cottonwood  area ;  at  least  their  importance  has  not  been  recog- 
nized in  the  reconnaissance  work.  The  area  has,  however,  been 
affected  by  minor  folding,  which  was  a  result  of  faulting. 

OVERTHRUST  FAULTING. 

The  earliest  important  structural  disturbance  in  this  part  of  the 
range  seems  to  have  been  overthrust  faulting.  It  is  possible  that  this 
was  contemporaneous  with  the  folding  farther  east.^  The  main 
thrust  fault  extends  along  an  irregular  but  generally  north-north- 
west course  and  has  been  traced  from  the  vicinity  of  Big  Cottonwood 
Creek  to  the  head  of  American  Fork  Canyon,  where  is  disappears 
among  a  complex  of  reverse  and  normal  faults. 

South  of  Little  Cottonwood  Canyon  it  is  well  seen  on  both  the 
east  and  west  sides  of  the  Mount  Baldy  mass,  where  several  hun- 
dred feet  of  the  great  limestone  has  been  overridden  by  Cambrian 
quartzite  and  shale.  It  is  shown  similarly  north  of  the  canyon, 
especially  just  east  of  Superior  Gulch,  and  has  been  traced  over  the 
divide  into  Mill  D  South  Fork  as  far  as  the  north-south  ridge  south 
of  the  Carbonate  mine.  Its  course  is  marked  by  the  contact  between 
the  "  lower  limestone "  and  "  upper  quartzite "  as  far  as  Vena  Flat, 
beyond  which  the  "upper  quartzite"  overlaps  on  the  main  or 
"  lower  quartzite." 

The  amoimt  of  the  overthrust  has  not  been  determined,  but  is 
considerable.  The  Cambrian  strata  are  considerably  above  their 
normal  position  in  the  vicinity  of  the  Alta  Consolidated  mine. 
Whether  the  position  of  the  strata  at  this  locality  is  due  wholly  to 
the  overthrust  faulting  or  in  part  to  later  faulting  and  the  effects 
of  intrusion  has  not  been  determined.  The  shale  beds  within  the 
"upper  quartzite"  and  between  it  and  the  great  limestone  series 
were  most  complexly  folded,  crumpled,  and  faulted  during  the 
overthrust  movement.  This  result  is  especially  well  shown  on  the 
south  slope  of  Flagstaff  Mountain  above  the  Columbus  Consoli- 
dated mine.  The  movement  on  the  fault  was  apparently  from  the 
east  toward  the  west,  and  at  the  time  of  the  faulting  the  plane 
probably  had  a  rather  gentle  eastward  dip  that  was  increased  by 
later  movements. 

Owing  to  the  unknown  extent  of  the  overthrust  and  the  irregu- 
larity of  its  contact,  the  depth  and  extent  of  the  "  lower  limestone  " 
east  of  its  outcrop  can  not  be  closely  calculated,  a  fact  to  be  borne 

^  Hlntze,  F.  F.,  jr.,  op.  cit,  p.  186. 
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in  mind  by  companies  planning  to  prospect  the  "  lower  limestone  " 
at  depth.  Whether  or  not  the  ^^ lower  limestone^'  exists  east  and 
south  of  its  outcrop  at  the  head  of  the  American  Fork  canyon  can  not 
be  proved  until  the  complex  of  faults  there  has  been  thoroughly 
worked  out.  From  the  meager  evidence  at  hand  it  seems  probable 
that  the  overthrust  dies  out  in  this  vicinity  and  that  the  existence  of 
the  "  lower  limestone  "  in  the  American  Fork  country  is  improbable. 
(See  section  B-B',  PL  VI.) 

STRUCTURES   FORMED  DURING  THE   INTRUSION    OF   THE   IGNEOUS    BODIES. 

Doming, — ^The  igneous  material  that  forms  the  Little  Cottonwood 
and  Clayton  Peak  masses,  on  being  forced  into  the  sedimentary 
series,  in  part  broke  across  the  strata  and  in  part  raised  the  over- 
lying beds,  forming  a  broad  dome  in  which  the  sedimentary  beds 
dip  away  from  the  intrusive  rock.  The  doming  is  especially  well 
shown  around  the  Little  Cottonwood  mass,  where  the  sedimentary 
formations  crop  out  in  concentric  semielliptical  form  around  the 
north  and  east  boundaries  of  the  intrusive  mass.  On  the  south  the 
granodiorite  broke  completely  through  both  the  pre-Cambrian  and 
Cambrian  quartzites  and  is  now  exposed  in  contact  with  the  great 
limestone  series,  which  also  dips  radially  away  from  the  intrusive 
rock.  On  the  west  the  dome  structure  is  partly  preserved  but  is 
mostly  cut  off  by  the  great  Wasatch  fault.  The  small  faulted  domes 
along  the  lower  part  of  American  Fork  canyon  and  east  of  Alpine 
may  have  been  caused  by  the  upward  thrust  of  minor  intrusive  bodies 
connected  with  the  granodiorite  mass. 

The  same  relation  is  true  in  a  general  way  for  the  Clayton  Peak 
lx)dy  of  quartz  diorite  east  of  Alta.  The  doming  effect  of  the  Little 
Cottonwood  mass  of  granodiorite,  however,  was  much  more  pro- 
nounced and  conceals  that  of  the  Clayton  Peak  body  except  at  the 
west  contact  of  the  latter  south  of  Alta,  where  the  eastward-dipping 
overthrust  plane  has  been  bent  upward  into  a  faulted  synclinal 
attitude. 

Reverse  faulting. — In  addition  to  the  general  doming  of  the  sedi- 
mentary rocks  adjacent  to  the  intrusive  bodies,  the  strata  in  places 
have  been  broken  and  thrust  upward  and  outward  from  the  in- 
trusives,  reverse  faults  being  produced.  The  best  exposed  of  these 
reverse  faults  is  that  in  Superior  Gulch,  where  the  quartzites  have 
been  thrust  up  in  contact  with  the  overlying  limestone.  (See  sec- 
tion A-A',  PI.  VI.)  A  smaller  one  is  exposed  along  the  quartzite, 
shale,  and  limestone  contact  at  the  south  end  of  Reed  and  Ben- 
son Ridge.  Similar  faults  were  observed  to  the  south,  near  the 
American  Fork  divide,  and  others  are  probably  present  in  the 
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area.  Those  recognized  have  a  concentric  arrangement  with  respect 
to  the  intrusive  granodiorite. 

Mineralized  fissures  and  faults. — ^The  mineralized  and  other  closely 
related  fissures  also  appear  to  have  been  formed  during  or  just  after 
the  intrusion  of  the  main  bodies.  Those  noted  in  the  Mill  D  South 
Fork  area,  in  the  Cardiff  and  Branborg  mines,  strike  about  N.  35°  E. 
and  dip  60°-65*^  NW.  The  Silver  King  fissure  zone  of  the  Branborg 
mine  can  be  followed  southwestward  through  the  quartzite  and  down 
into  the  granodiorite  of  Little  Cottonwood  canyon.  The  mineralized 
fissures  in  the  principal  mines  around  Alta  strike  N.  60°-70°  E.,  in 
general  parallel  to  the  trend  of  the  quartz  diorite  body,  and  dip 
rather  steeply  (60°-<)5°)  to  the  north.  Those  in  the  American  Fork 
district,  so  far  as  seen,  appear  to  belong  to  two  systems,  one  of  north- 
easterly and  one  of  about  easterly  trend.  The  stopes  of  the  famous 
Miller  mine  lie  in  both  directions,  though  the  longest  stope  extends 
about  N.  85°  E.  The  Live  Yankee  also  has  veins  in  both  directions. 
The  Pacific  and  Dutchman  veins  belong  to  the  northeasterly  system. 
In  the  Barry-Coxe  mine,  on  the  north  slope  of  the  pass  between 
Brighton  and  Park  City,  the  mineralized  fissures  strike  about  north 
and  east.  The  northerly  fissures  are  the  more  heavily  mineralized. 
These  fissures  lie  at  right  angles  to  and  parallel  to  the  north  boundary 
of  the  Clayton  Peak  body  of  quartz  diorite. 

Prominent  barren  fissures  were  noted  following  both  the  north- 
easterly and  the  easterly  direction,  and  some  w^ith  northwesterly 
trends  were  also  seen. 

The  porphyry  dikes  follow  the  same  general  directions  as  the 
mineralized  fissures.  Those  near  Alta  extend  mostly  north  of  east. 
Those  in  the  Dutchman,  Live  Yankee,  and  Miller  mines  of  the  Amer- 
ican Fork  area  extend  northeasterly,  and  for  a  part  of  their  course 
form  one  wall  to  the  veins.  The  dikes,  however,  were  introduced 
before  the  veins  were  formed.  The  fissures  are  distinctly  later  than 
the  overthrust,  but  the  presence  of  the  dikes  is  proof  that  some  of 
these  fissures  were  formed  before  the  cessation  of  igneous  intrusion. 
The  presence  of  veins  along  some  of  the  dikes  is  proof  that  the  same 
fissures,  or  fissure  zones,  were  reopened  shortly  after  the  dike  intru- 
sion, and  the  presence  of  mineralized  fissures  within  the  main  intru- 
sive bodies  is  evidence  that  some  of  the  fissures  were  not  formed  until 
the  intrusive  rock  had  become  solid  enough  to  undergo  fracturing. 
There  has  been  movement  along  at  least  some  of  these  fissures,  but 
the  amount  of  movement  is  in  most  places  not  readily  determined. 
Here  and  there  it  is  known  to  have  been  slight,  and  nowhere  has  it 
been  demonstrated  to  have  been  very  great. 

It  is  believed  that  the  fissures  were  formed  at  the  time  of  intrusion 
as  an  effect  of  the  doming  of  the  sedimentary  rocks.  It  should  be 
expected  that  the  strongest  fissures  would  lie  parallel  and  near  to  the 
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common  major  axis  of  the  intrusive  bodies.  This  direction  further- 
more coincides  essentially  with  the  axis  of  the  principal  fissures  of 
the  Park  City  district,  which  are  also  closely  associated  with  the 
Clayton  Peak  stock  of  quartz  diorite.  The  northeasterly  fissures  of 
the  Cardiff  and  Branborg  mines  and  the  easterly  fissures  of  the 
American  Fork  mmes  are  radial  with  respect  to  the  granodiorite 
stock.  The  northeasterly  fissures  of  the  American  Fork  mines  are 
concentric  with  respect  to  the  same  body.  Badial  and  concentric 
fissures  are  the  ones  most  likely  to  be  formed  as  a  result  of  doming, 
and  also  the  contraction  of  the  domed  area  during  the  cooling  of  the 
newly  intruded  igneous  bodies.  The  observations  made,  however, 
are  too  few  and  localized  to  give  more  than  a  suggestion  of  these 
structural  relations.  Settling  of  the  area  at  intervals  throughout  the 
cooling  stage  may  account  for  the  displacements  noted  along  these 
fissures,  some  displacements  preceding  and  others  following  the  depo- 
sition of  the  vein  minerals. 

FAULTS  DISTINCTLY  LATER  THAN  IGNEOUS  INTRUSION  AND  ORB 

DEPOSITION. 

Faults  distinctly  later  than  igneous  intrusion  and  ore  deposition 
may  be  conveniently  classified  into  two  groups — ^local  faults,  inti- 
mately associated  with  ore  bodies,  and  those  of  great  extent,  associ- 
ated with  the  formation  of  the  mountain  range.  The  only  proved 
member  of  the  first  group,  so  far  as  the  writers  know,  is  the  normal 
fault  that  offsets  the  vein  in  the  Pacific  mine  of  the  American  Fork 
district.  This  fault  trends  N.  70°  W.  and  has  a  horizontal  displace- 
ment of  18  feet.  The  abrupt  terminations  of  some  of  the  larger  ore 
bodies  of  the  region,  such  as  the  Miller  body,  in  the  American  Fork 
district,  may  be  due  to  faulting,  but  in  none  of  these  places,  so  far  as 
the  writers  are  aware,  has  the  existence  of  a  fault  been  proved,  nor  is 
it  known  in  places  where  faulting  is  supposed  to  have  occurred 
whether  the  ore  body  terminates  against  the  impervious  wall  of  a 
premineral  fault  or  whether  it  has  been  displaced  by  a  postmineral 
fault.  It  was  stated  by  the  managers  that  one  of  the  large  ore  bodies 
of  the  Columbus  Consolidated  (Wasatch)  mine  gave  out  against  a 
fault,  and  recently  it  has  been  reported  that  the  ore  body  has  been 
located  on  the  other  side  of  the  fault.  This  fault  was  not  accessible 
underground  at  the  time  of  visit. 

Other  normal  faults  of  small  displacement  are  present  in  the 
region,  but  as  they  are  not  intimately  associated  with  mineralized  fis- 
sures their  age  can  not  be  closely  determined.  Examples  of  such 
faults  may  be  seen  on  the  divide  north  of  the  Toledo  mine  and 
around  the  head  of  American  Fork  canyon.  These  were  evidently  of 
later  origin  than  the  overthrust  and  probably  later  than  the  reverse 
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faults  and  the  concentric  and  radial  fissures  that  are  believed  to  have 
been  closely  associated  with  the  igneous  activity  of  the  region.  They 
are  possibly  to  be  correlated  with  the  northerly  Assuring  and  faulting 
in  the  Park  City  district  and  may  have  been  contemporaneous  with 
the  great  Wasatch  fault. 

The  latest  large  structural  feature  of  the  region  is  believed  to  be 
the  great  normal  fault  that  extends  along  the  front  or  west  edge  of 
the  Wasatch  Range.  Its  vertical  displacement  is  doubtless  to  be 
measured  in  thousands  of  feet.  This  displacement  probably  pro- 
duced an  eastward  tilting  of  the  great  Wasatch  block,  so  that  the 
eastward  dip  of  the  strata  was  somewhat  steepened.  The  growth  of 
this  great  fault  was  gradual  and  may  well  have  been  accompanied  by 
the  development  of  many  minor  faults  in  the  region,  but,  as  already 
shown,  a  definite  correlation  of  most  of  these  minor  faults  is  impos- 
sible at  present. 

Evidence  in  the  Park  City  region*  indicates  that  the  igneous 
intrusions  took  place  in  late  Cretaceous  or  early  Tertiary  time,  and 
evidence  in  the  southern  and  northern  parts  of  the  Wasatch  Moun- 
tains^ indicates  that  the  faulting  along  that  range  occurred  after 
the  depositions  of  Ecoene  sediments  and  that  in  some  of  the  "  Basin 
Ranges  "  faulting  had  ceased  before  the  deposition  of  Pliocene  sedi- 
ments. G.  K.  Gilbert  has  shown  that  faulting  along  the  Wasatch 
Range  has  occurred  in  very  recent  times.  The  normal  faults  that 
preceded  and  followed  ore  deposition  may  well  have  been  in  process 
of  formation  throughout  the  period  that  followed  the  igneous  intru- 
sion, and  even  the  most  detailed  mapping  may  not  produce  evidence 
on  which  the  normal  faults  may  be  classified  into  distinct  groups. 

ALTERATION   OF    THE   SEDIMENTABY   BOCKS   BESULTINQ    FBOM 
THE  INTRUSION  OF  THE  QBANODIOBITE  AND  QU ABTZ  DIOBITE. 

The  reconnaissance  work  was  not  extended  over  sufficient  territory 
or  pursued  with  sufficient  detail  to  establish  definitely  the  types  of 
alteration  that  were  due  to  regional  metamorphism  and  those  that 
are  to  be  attributed  to  the  influence  of  the  intrusive  bodies.  Regional 
metamorphism,  however,  has  been  comparatively  slight  in  the  great 
limestone  and  overlying  rocks,  and  the  cause  of  changes  in  these 
rocks  can  be  more  certainly  determined. 

The  Little  Cottonwood  stock  of  granodiorite  in  the  area  examined 
is  in  contact  with  the  Cambrian  and  pre-Cambrian  quartzites  and 
schists.    Both  have  undergone  considerable  regional  metamorphism, 

>  Boutwell,  J.  M.»  op.  clt.,  p.  43. 

*  Loughlln,  O.  F.,  Reconnaissance  in  the  southern  Wasatch  Mountains,  Utah :  Jour. 
Geology,  vol.  21,  No.  5,  p.  451,  1913.  (Eocene  conglomerate  is  displaced  by  "Basin 
Range  "  faults.)  Mansfield,  G.  R.,  unpublished  map  of  the  Montpelier  quadrangle,  U.  8. 
Geol.  Survey.  (Pliocene  lake  beds  lie  undisturbed  in  the  valleys  between  faulted  '*  Basin 
Ranges.") 
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and  they  were  not  examined  with  sufficient  care  outside  of  the  zone 
influenced  by  the  intrusive  body  to  determine  what  the  changes  have 
been  within  that  zone.  Specimens  of  schist  collected  at  the  contact 
in  a  gulch  west  of  Superior  Gulch  are  composed  of  quartz,  orthoclase, 
some  plagioclase,  rather  abundant  zoisite,  abimdant  magnetite,  and 
small  amounts  of  muscovite  and  biotite.  The  rocks  near  the  contact 
appear  to  contain  more  magnetite  and  less  mica  than  those  at  a 
greater  distance^  The  effect  of  the  intrusion  on  the  Cambrian 
quartzite  does  not  appear  to  have  been  great  but  was  not  closely 
studied.  Its  effect  on  the  great  limestone  series  along  the  southern 
boundary  of  the  area  mapped  is  expressed  by  a  general  bleaching  and 
recrystallizing  of  the  originally  dark  limestone  into  white  marble 
and  by  the  development  of  such  typical  contact  minerals  as  pyroxene, 
tremolite,  brown  garnet,  epidote,  quartz,  and  pyrite — the  same  gen- 
eral effect  as  those  that  accompanied  the  intrusion  of  the  quartz 
diorite. 

The  Clayton  Peak  mass  of  quartz  diorite  is  almost  wholly  in 
contact  with  the  limestone  and  its  metamorphic  influence  has  re- 
ceived more  attention,  but  by  no  means  detailed  study.  Alteration 
of  the  "contact"  type  associated  with  the  main  body  of  intrusive 
rock  was  noted  especially  in  the  vicinity  of  the  Alta  Consolidated 
and  City  Eock  mines  and  associated  with  lesser  intrusive  bodies 
north  of  Lake  Solitude  and  in  the  workings  of  the  South  Hecla 
mine.  Much  of  the  limestone  near  the  intrusive  mass  has  been  re- 
crystallized  and  bleached,  but  the  development  of  abundant  contact 
silicates  has  occurred  only  at  certain  points  and  was  apparently 
associated  with  certain  beds  in  the  limestone.  Some  of  the  replaced 
beds  could  be  traced  for  several  hundred  feet  from  the  contact,  but 
other  replacement  bodies  were  noted  several  hundred  feet  from  an 
observed  igneous  contact  and  with  no  apparent  direct  connection 
with  an  igneous  rock.  The  principal  contact  minerals  noted  were 
diopside,  a  light  yellow  and  a  beautiful  green  garnet,  monticellite, 
muscovite,  ludwigite,  green  phlogopite,  magnetite,  hematite,  and  iron 
and  copper  sulphides.  Other  contact  minerals  are  probably  present, 
such  as  vesuvianite  and  spinel,  which  have  been  noted  farther  east 
in  the  Park  City  area. 

ORE  DEPOSITS. 

HISTOBY  AND  PBODUCTION.* 

LITTLE  COTTONWOOD  DISTRICT. 

Ore  was  first  discovered  in  the  Little  Cottonwood  district  by  Gen. 
Conner's  soldiers  in  1864,  and  the  Wasatch  district  was  then  organ- 
ized, but  it  was  soon  abandoned  owing  to  the  great  expense  of  work- 

^Tbe  Kectlon  on  history  and  production  (pp.  188-199)  was  written  by  V.  C.  Heikes. 
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ing.  In  1867  most  of  the  claims  were  "  jumped  "  and  a  new  district 
organized,  called  the  Mountain  Lake,  which  included  a  large  area  in 
the  Wasatch  Range.  It  was  divided  in  1869-70  into  the  Little 
and  Big  Cottonwood,  American  Fork,  and  Uinta  districts.  The  min- 
ing claims  recorded  in  the  Little  Cottonwood  district  covered  an  area 
about  2i  miles  square.  Most  of  the  principal  mines  of  the  Little 
Cottonwood  district  are  on  the  northern  slope  of  the  Little  Cotton- 
wood Canyon.  Alta,  the  principal  camp,  is  16  miles  east  of  Sandy,  a 
station  on  the  Denver  &  Kio  Grande  and  San  Pedro,  Los  Angeles  & 
Salt  Lake  railroads.  A  railroad  was  completed  to  the  district  in  May, 
1873,  but  was  discontinued  a  few  years  later.  In  1913  the  grade  was 
repaired  and  rails  laid  as  far  as  Wasatch  for  the  transportation  of 
building  stone  to  Salt  Lake  City.  The  mine  operators  in  the  district 
took  advantage  of  this  renewed  method  of  transportation,  thus  saving 
a  wagon  haul  of  9  miles  to  the  smelters.  The  most  productive  period 
was  between  1871  and  1877,  and  at  the  time  of  Huntley's  visit  ^ 
(October,  1880)  the  district  was  very  dull  and  but  two  mines — ^the 
Vallejo  and  the  City  Rock — were  working  regularly.  This  idleness 
of  the  mines  was  due  to  several  causes,  including  legal  troubles,  the 
exhaustion  of  working  capital  of  several  large  prospecting  companies, 
the  giving  out  of  surface  bodies,  the  finding  of  pyrite  and  w^ater  in 
the  lower  levels,  and  the  low  price  of  lead. 

Very  little  metallurgic  work  was  ever  done  in  the  district,  as  most 
of  the  ore  was  sold  in  the  Salt  Lake  market.  In  1866  the  owner  of 
the  North  Star  mine  built  a  Scotch  hearth  furnace  and  ran  out  about 
3  tons  of  lead.  In  the.  following  year  he  erected  a  reverberatory 
furnace  and  a  cupel  furnace.  The  former  was  a  success,  but  the 
latter  failed.  The  Jones  smelter,  about  4J  miles  from  the  mouth  of 
Little  Cottonwood  Canyon,  was  operated  in  1871,  and  ran  on  custom 
ores  for  two  years.  In  1872  or  1873  the  Davenport  smelter  was 
started  at  the  same  place.  In  addition  to  the  ore  from  the  mine  it 
worked  some  custom  oi^,  but  was  shut  down  in  1875.  The  Flagstaff 
Co.  also  erected  three  stacks  in  this  vicinity.  Several  unsuccessful 
attempts  were  made  to  leach  ores  on  a  small  scale.  Concentration 
works  were  built  for  the  Emma  mine  and  were  financially  successful, 
though  the  percentage  obtained  was  low. 

The  history  of  the  Emma  mine  is  given  by  Huntley,^  who  re- 
ported on  it  and  other  mines  as  follows : 

The  Kininu  mine  is  situatetl  lialfwuy  up  tlie  soutliern  slope  of  a  higli,  steep 
riilRe  called  Kninia  Hill.  It  wtis  located  in  1868  by  Woodman,  Chisholm,  Woo<l- 
huU  &  Reich.    Little  work  was  done  until  the  autumn  of  1869,  when  the  ore 

>  Huntley,  D.  B.,  The  mining  industries  of  Utah :  Tenth  Census  U.  S.,  toL  13,  p.  422, 
18S0. 
'Idem,  p.  428. 
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body  was  struck.  Some  ore  was  shipped  and  sold  prior  to  the  sale  of  the  mine 
to  the  Emma  Mining  Co.,  of  New  York,  in  1870.  This  company  worked  the 
mine  quite  vigorously  and  shipped  a  large  amount  of  ore.  The  following  year 
the  property  was  sold  to  the  Emma  Sliver  Mining  Ck).  of  Utah  (Ltd.)  for 
$5,000,000  cash;  another  authority  placed  the  price  at  $3,500,000.  The  mine 
was  then  worked  by  English  managers,  paid  $300,000  in  dividends  (one  authority 
says  $1,300,000)  until  September,  1874,  when  It  was  attached  by  T.  W.  Park 
and  others  for  an  indebtedness  of  $d()0,000.  It  was  then  idle  until  October, 
1877,  when  the  American  Emma  Mining  Go.  was  incorporated  and  work  re- 
sumed.^ The  second  ore  body  failed  in  the  autumn  of  1873,  up  to  which  time 
most  of  the  ore  had  been  shipped  to  Swansea,  Wales.  During  the  years  1873, 
1874, 1878,  and  1879  much  low-grade  ore  was  concentrated  by  Jigs. 

When  the  American  Emma  Go.  began  work  it  first  prospected  the  old  ore 
bodies  and  then  leased  the  Bay  City  tunnel,  which  was  1,7(X)  feet  long  and  90 
feet  below  the  lowest  old  workings  of  the  Emma.  This  tunnel  had  been  run 
by  a  St.  Louis  company  at  a  cost  of  $75,000  and  had  been  abandoned  in  1876. 
Since  making  the  connection  a  small  ocher-stalned  seam,  in  an  incline  or  winze 
130  feet  below  the  tunnel  level,  has  been  followed.  *  •  *  About  3,500  gallons 
of  water  per  hour  Is  raised.  During  the  census  year  about  14  men  were  em- 
ployed. The  property  of  this  company  consists  of  the  Emma,  2,400  by  100  feet, 
and  the  Cincinnati,  1,200  by  100  feet.  One  hundred  thousand  dollars  was  paid 
for  the  latter,  but,  the  claim  having  been  Jumped,  the  title  is  in  dispute.  *  *  * 
From  Mr.  Charles  Smith,  of  Salt  Lake  City,  whose  accounts  included  all  but 
the  first  few  hundred  tons  sold,  the  writer 'learned  that  the  sales  of  ore  to 
June  1,  1880,  amounted  to  27,451  tons,  for  which  $2,637,727.44  was  received. 
The  mine  had  been  developed  below  the  discovery  only  about  500  feet  ver- 
tically and  350  feet  horizontally.  The  openings  of  the  old  workings  were  esti- 
mated at  something  less  than  4,000  feet,  and  those  of  the  new  workings  at  about 
700  feet. 

The  flagstaff  mine  is  situated  a  quarter  of  a  mile  north  of  Alta,  halfway  up 
the  southern  slope  of  a  high  ridge  which  separates  Big  from  Little  Cottonwood 
Canyon,  from  700  to  8(X)  feet  above  the  valley.  It  was  located  In  1879  by  Groes- 
beck,  Schneider,  and  others,  who  worked  it  under  the  name  of  the  Salt  Lake 
Mining  Co.  until  February,  1872,  when  it  was  bonded  to  one  Davis  for  $300,000, 
who  sold  it  to  English  capitalists  for  $1,500,000.  They  organized  the  Flagstaff 
Silver  Mining  Co.  of  Utah  (Ltd.)  and  worked  the  mine  in  a  very  expensive 
manner  until  December,  1873,  when  the  ore  bodies  in  sight  gave  out.  The  com- 
pany was  then  found  to  be  in  debt  to  Davis  for  money  advanced,  some  $300,000. 
Davis  took  the  mine  and  worked  it  under  agreement  with  the  company  until 
December  24, 1876,  when  he  was  dispossessed  by  the  United  States  marshal  un- 
der orders  from  the  English  directors.  Heavy  lawsuits  with  small  results  fol- 
lowed. Since  1876  the  mine  has  been  leased  and  subleased  many  times,  but  has 
been  Idle  since  the  summer  of  1880.  At  the  time  of  examination  it  was  owned 
by  Seligman  Bros.,  of  New  York,  who  took  it  for  debt  ♦  ♦  •  The  English 
company  erected  the  Flagstaff  smelter  (three  stacks)  at  the  mouth  of  Little 
Cottonwood  Canyon  and  ran  It  until  November,  1873,  when  they  leased  the  Last 
Chance  smelter  near  Sandy.  Smelting  was  not  as  profitable  as  selling  the  ore. 
which,  after  April,  1876,  was  disposed  of  In  the  Salt  Lake  market    The  dlvl- 

*  There  baa  been  a  great  amount  of  litigation  between  tbe  English  stockboldera  and 
T.  W.  Park  and  others,  but  tbese  differences  bave  recently  [about  1880]  been  amicably 
adjusted. 

10427°— Bull.  620—16 13 
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dends  paid  to  the  English  company  amounted  to  about  |350,000.  The  property 
consists  of  the  Flagstaff,  South  Star  and  Titus,  Virginia,  and  Nabob.  The  Flag- 
staff is  2,200  by  100  feet,  but  it  extends  across  and  not  along  the  belt  In 
early  times,  before  the  suits,  the  right  to  "  swing  their  patent "  was  Insisted  on, 
and  the  workings  extended  1,000  feet  or  more  on  the  belt  *  *  • 
The  total  product  was  estimated  by  the  superintendent  to  be  as  follows : 

Tons. 

Prior  to  1872 ___  6.000 

1872 8,000 

1873 17,000 

1874  to  1876 35.000 

1877  and  1878 30,000 

1879 4,000 


100,000 


Of  this,  30,000  tons  probably  assayed  $10  gold,  60  ounces  silver,  and  40  per 
cent  lead  and  sold  for  or  was  worth  $80  per  ton.  The  remainder  probably  as- 
sayed $4  gold,  30  ounces  silver,  and  20  per  cent  lead  and  was  worth  $30  per  ton. 

The  mine  is  developed  by  a  530-foot  tunnel,  from  which  there  is  an  incline 
515  feet  in  length,  at  an  angle  of  49**.  From  this  incline  there  are  six  levels, 
from  700  to  1,400  feet  in  length.  The  lower  level  is  about  700  feet  vertically 
below  the  discovery  croppings.  The  total  cut|;ings,  exclusive  of  stopes,  are  vari- 
ously estimated  at  from  9,000  to  14,000  feet.  From  the  mouth  of  the  tunnel  the 
ore  is  sent  to  the  foot  of  the  hill  on  a  tramway  2,800  feet  in  length.     •    *    * 

The  South  Star  and  Titus,  an  older  location  than  the  Flagstaff,  has  been  con- 
stantly harassed  by  lawsuits.  Several  hundred  thousand  dollars'  worth  of  ore 
has  been  extracted.  It  is  developed  by  tunnel  and  shaft  to  the  extent  of  several 
thousand  feet    Active  work  ceased  in  1878. 

The  Nabob  was  located  in  1876.  A  large  body  of  ore,  lying  partly  in  the 
Virginia  ground,  was  struck  in  the  winter  of  1876-77,  which  yielded  about 
$100,000.  Little  has  been  done  since.  The  mine  is  a  part  of  the  mineral  belt 
of  Bmma  Hill.  An  ore  body,  30  by  25  by  4  feet,  was  found  not  50  feet  from  the 
surface.  The  average  assay  of  this  ore  was  $74.76,  of  which  $26  was  gold. 
The  developments  consist  of  a  115-foot  incline  and  300  feet  of  other  cuttings. 

The  Joab  Lawrence  Co.,  the  principal  actively  working  company  on  Euiuia 
Hill  at  the  time  of  the  writer*s  visit,  was  organia&ed  in  the  spring  of  1879.  Its 
property  consists  of  the  Vallejo  and  the  North  Star,  adjacent  claims,  situated 
between  the  Emma  and  the  Flagstaff.  The  North  Star  was  one  of  the  earliest 
claims  of  the  district,  having  been  located  in  1865,  and  has  yieldeil  largely. 
There  are  said  to  be  large  bodies  of  low-grade  oxide  of  iron  ore  in  the  lower 
levels,  but  little  had  been  done  for  some  time  excepting  a  small  amount  of 
"  tribute  "  work.  The  Vallejo  was  worked  in  1872,  1873,  1874,  1875,  and  1877 
by  several  companies,  and  much  ore  was  extracted.  It  was  being  workeil  on  an 
extensive  scale  at  the  time  of  the  writer's  visit  ♦  •  *  It  [the  ore  I  was 
fine  and  contained  from  20  to  45  per  cent  lead  and  from  15  to  90  ounces  silver, 
from  20  to  35  per  cent  iron  and  from  9  to  14  per  cent  of  moisture.  It  was  In 
great  demand  among  the  smelters  owing  to  the  lack  of  silica  and  the  presence 
of  so  much  iron.  A  low  grade  of  ore  containing  from  40  to  50  per  cent  of  iron, 
no  lead,  and  a  few  ounces  of  silver  was  also  shipped.    The  following  table 
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shows  the  price  received  per  ton  for  some  lots  of  ore  in  February  and  March, 
1880: 


Aassy  value. 

Price 

Weight. 

received 
per  ton. 

Lead. 

Bflver. 

Pounds. 

Per  cent. 

Ounces. 

111,855 

5 

5 

siaoo 

76,235 

41 

48 

66.50 

65,877 

43 

65 

85.10 

54,376 

35 

39 

52.25 

74,011 

12 

15 

17.50 

130,304 

43 

54 

73.76 

140,535 

6 

9 

12.00 

The  ore  was  transported  from  the  mine  to  the  tramway  of  the  Wasatch  & 
Jordan  Valley  Railway  by  a  wire-rope  tramway. 

The  Toledo-Utah  Silver  Mining  &  Smelting  Co.  bought  the  Toledo  mine 
shortly  after  its  discovery  in  1872  and  worked  it  quite  extensively  until  April, 
1880.  The  property  consists  of  the  Toledo  and  the  Fuller  claims.  On  the 
latter  most  of  the  ore  has  been  found  and  most  of  the  w^ork  done.  *  •  ♦ 
The  mine  is  operated  through  a  shaft  455  feet  deep,  vertical  for  part  of  its 
length.  The  horizontal  development  of  the  vein  Is  350  feet,  and  the  total 
cuttings  are  estimated  at  2,000  feet.  ♦  *  ♦  The  total  product  of  the  mine 
and  its  output  during  the  census  year  were  large.  The  exact  figures  can  not 
be  given,  owing  to  the  confidential  character  of  the  information  furnished. 

Tlie  Emily  mine  Is  situated  in  a  small  ravine  betw*een  the  Toledo  and  Emma 
Hill.  It  was  discovered  In  1870.  It  is  owned  by  the  Emily  Mining  Co.,  of 
Pittsburgh,  Pa.  They  ceased  regular  work  In  1874,  and  the  mine  has  been 
leased  since  at  one-fifth  royalty.  It  Is  a  bedded  vein  of  clay  slate  In  quartzlte, 
dipping  about  60"  E.  The  ore  is  from  I  to  6  inches  wide  and  consists  of  quartz 
containing  pyrlte,  sphalerite,  galena,  and  tetrahedrlte.  When  sorted  It  assays 
from  $80  to  $100.  Mine  Is  opened  by  three  tunnels  on  the  vein.  The  total 
length  of  cuttings  Is  800  feet.  The  mine  Is  very  wet  and  has  no  machinery. 
The  total  yield  has  been  $15,000  or  $20,000. 

City  Rock  an<l  Utah  group  Is  situated  at  the  head  of  Little  Cottonwood 
Canyon  and  comprises  the  Utah,  100  by  1,000  feet;  City  Rock,  100  by  1,000 
feet ;  W- est  Wind,  100  by  495  feet ;  King  of  the  West,  Utah  No.  2,  Utah  No.  3, 
and  Freeland.  The  first  three  are  on  the  Utah  vein,  and  the  others  are  on  the 
parallel  King  of  the  West  vein,  200  feet  distant,  and  have  but  little  development. 
Most  of  these  claims  were  located  in  1870.  In  1872  much  work  was  done. 
Between  1872  and  1876  the  mines  were  involved  In  litigation.  Twelve  men 
were  employed  during  the  census  year.  •  *  *  The  mine  was  being  thor- 
oughly opened  at  intervals  of  100  feet  by  levels  and  winzes  through  the  ore 
bodies.  Very  little  stoplug  has  been  done.  The  developments  consisted  of  two 
inclines  and  three  tunnels  on  the  vein.  The  lower  one,  which  was  to  be  the 
main  working  tunnel,  is  5  by  7  feet,  well  timbered,  has  an  Iron  rail  track,  and  Is 
600  feet  long.  The  middle  tunnel,  490  feet  vertically  above  the  lower  one,  is 
1,300  feet  long.  One  hundred  feet  below  this  is  the  water  level.  The  upper 
tunnel  is  600  feet  long  and  201  feet  above  the  middle  one.  These  tunnels  have 
a  grade  of  half  an  inch  in  12  feet.  The  total  cuttings  amount  to  4,800  feet 
During  the  census  year  385  tons  of  ore  were  sold  for  $25,480.67.  The  previous 
product  was  estimated  at  $50,000. 
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Tbe  other  mines  of  the  Little  Ck>ttonwood  district  are: 


Mine. 


Cinoiimati  group. 
Enterprise 


Dexter  Consolidated . 

Brian  lode 

Marion  group 

Manitoba 

Emily 

GaledODia 


Highland  Chief. 


Ohio  River  eroup 

Savage    and    Montezuma 
group. 

Stoker 

McKay  and  Revolution 


Oriuly  and  Lavlnia. 


Darlington. 
Davenport. 

Island 

Siskiyou... 
Alpha 


Ev 


evergreen.. 
NorthPole. 


Albion^and  Rising  Sun. 
Oxford  and  Geneva 


Louisa. 
Sedan. 


Frit* 

Peruvian. 


Highland  Boy. 


Total 
length  of 
openings. 


Ft€U 
1,500 

500 

300 


1,800 
030 
800 
700 

1,100 


500 
3,000 

450 
1,000 

3,000 

500 

4,800 

1,000 

500 

500 


300 

1,800 
1,910 


600 

300 

400 
700 


600 
500 


Total 
product. 


$10,000 


Small. 


18,000 


60,000 
200,000 

Small. 


Large. 

Small. 
600,000 


Small. 
37,000 


100,000 
20,000 


8,000 

Smal]. 

Small. 
Small. 


Small. 
None. 


Condition  at  cloee  of 
the  census  year. 


Worked  irregularly. 
Idle 


.....do 

.....do 

Worked  irregularly. 

Idle 

Worked  on  lease... 
....do 


Idle. 


Little  work  done. 
Idle 


.....do 

Tunnel  being  run . 


Idle. 


.do. 
.do. 
.do. 
.do. 


Worked  irregularly. 


Idle 

Worked  on  lease. 


Idle. 


Remarks. 


Ore,  a  sulphuret  containing 

considerable  zinc. 
One  ore  body  yielded  810,000 

or  more. 


Vein  not  well  defined. 

Ore  assays  $80  to  8100  per  ton. 

Several     thousand     dollars 

have  been  extracted. 
Ore  assays  20  ounces  silver 

and  25  per  cent  lead.  Many 

hundred  tons  have  been 

shipped. 

Ore  35  i>er  cent  lead  and  35 
to  150  ounces  silver. 

Ore  medium  erade. 

A  few  hundred  tons  have 
been  extracted. 

Contains  large  bodies  of  low- 
grade  ore. 


Do. 

Average  assays:  200  ounces 
silver,  10  per  cent  lead,  $10 
gold. 

Ore,  galena  in  small  seams  in 
limestone. 

Ore  assays  30  to  90  ounces 

silver,  40  to  00  per  cent 

lead,  $3  gold. 
Ore,  10  to  12  ounces  ochery 

carbonate  and   40   to  50 

ounces  galena. 
Ore,   oerusite,   galena,   and 

pyrites,  containing  16  to  00 

ounces  silver. 
Vein,  20  feet;  soft,  ]ow.grade 

ooher. 
A  few  tons  shipped ,  assaying 

40  to  60  ounces  silver,  40  to 

70  per  cent  lead,  and  $6 

gold. 

Small  stringers  of  carbonate 
ore  in  limestone. 


a  A  few  thousand  dollars^ 
TUNNEL  SITES. 

The  topograpliy  of  this  district  is  very  favorable  for  the  location  of  tunnel 
sites.  Accordingly,  in  early  times,  work  was  begun  upon  a  great  many.  They 
have  cost  fortunes,  but  have  rarely  been  successful  in  finding  ore ;  and  though 
all  are  still  claimed,  few  are  worked  more  than  is  sufficient  for  assessment 
work.  These  tunnel  sites,  in  a  legal  way,  are  a  great  drawback  to  the  district. 
They  were  located  before  many  of  the  present  claims ;  they  ran  in  all  directions, 
and,  in  case  large  and  rich  ore  bodies  should  be  found,  some  of  them  might  be 
used  to  make  serious  legal  difficulties.  The  following  are  the  principal  tunnel 
sites  in  the  order  of  their  situation,  beginning  at  the  west,  on  the  north  side  of 
Little  Cottonwood,  and  continuing  in  a  semicircle  around  the  head  of  the 
canyon : 

The  Frederick  tunnel. — ^This  was  driven  to  develop  the  Frederick  and  Grown 
^oint  claims.    These  are  parallel  veins,  70  feet  apart,  3  and  4^  feet  wide,  dip> 
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ping  54*  N.  In  limestone  and  between  limestone  and  quartzlte.  The  ore  Is  a 
carbonate,  18  Inches  wide,  and  averages  60  ounces  silver  and  35  per  cent  lead. 
The  claims  were  located  In  1870  and  were  worked  until  1878,  when  water  and 
galena  were  encountered  at  a  depth  of  387  feet.  The  value  of  the  ore  sold 
was  estimated  at  |35,000.  The  mines  were  leased  until  May,  1876,  when  the 
tunnel  was  b^un.  It  is  1,300  feet  long  and  has  to  be  driven  several  hundred 
feet  farther  before  cutting  the  veins,  which  are  expected  to  be  reached  at  980 
feet  below  the  croppings.  Its  size  Is  6  feet  6  inches  by  4  feet  4  inches.  Tim- 
bering is  unnecessary.    ♦    ♦    ♦ 

T?ie  Hotoland  tunnel. — ^Work  was  begun  on  this  several  years  ago.  It  has 
been  relocated  several  times  and  was,  at  the  period  under  review,  known  as 
the  Solitary.    Its  length  is  600  feet.    Only  assessment  work  is  being  done. 

The  Geneva  tunnel, — ^Abandoned.    Length  unknown. 

The  Lady  Emma  tunnel. — Length,  370  feet.  Relocated  and  called  the  Prince 
of  the  Hills.    Only  assessment  work  is  being  done. 

The  Chicago  tunnel. — ^Length,  600  feet  Relocated  and  called  the  Fitzgerald 
tunnel. 

The  YaUejo  tunnel. — ^Used  in  the  early  development  of  the  Vallejo  mine. 

The  Utah  tunnel, — ^Relocated  as  the  Burgess  and  used  to  work  the  Vallejo 
mine. 

The  Gladiator  tunnel. — ^Length,  about  1,000  feet  Used  to  work  the  North 
Star  mine. 

The  Great  Salt  Lake  Tunnel  d  Mining  Co. — ^Thls  Is  better  known  as  the 
Buffalo  tunnel.  It  was  located  in  1871,  is  600  feet  in  length,  and  is  regularly 
worked,  275  feet  having  been  run  the  preceding  year.  This  company  has  located 
two  claims,  the  Buffalo  and  another,  having  9-inch  veins,  containing  galena 
and  pyrites.  Three  small  bodies  were  found.  The  ore  sold  for  about  $80  per 
ton  and  yielded  a  few  thousand  dollars.  The  Allegan  mine,  operated  through 
this  tunnel,  has  about  550  feet  of  cuttings  and  yielded  a  few  thousand  dollars 
some  years  ago. 

The  Bay  City  ^tinnel.— Length,  1,700  feet    ♦    ♦    ♦ 

The  Illinois  fnfineJ.— Length,  800  feet.    ♦    ♦    ♦ 

The  Equitable  Tunnel  d  Mining  Co. — ^Thls  company's  tunnel  is  about  1,500 
feet  in  length,  with  side  drifts  and  winzes  amounting  to  900  feet,  and  is  situated 
above  the  Bay  City.  Three  small  claims,  Bolles  &  Collins,  Equitable,  and 
Equitable  No.  2,  as  well  as  the  Phoenix  and  the  Lady  Esten  tunnel  site,  in  other 
parts  of  the  district,  are  owned  by  this  company.    ♦    ♦    ♦ 

The  Little  Cottonwood  tunnel. — Relocated  and  called  the  Buckland.  It  is 
600  feet  long  and  was  run  to  tap  the  Savage  and  Montezuma  group. 

The  Reliance  tunnel, — ^Abandoned.    Little  work  done. 

The  Manhattan  tunnel. — ^Abandoned  and  relocated  as  the  McKay  and  Revo- 
lution.   Length,  500  feet 

The  Ely  tunnel. — ^Abandoned. 

Th^  Phoenix  tunnel, — Owned  by  the  Equitable  Tunnel  &  Mining  Co.  Length, 
700  feet 

The  Herman  tunnel,  knoum  a«  the  Tilden. — ^Length,  500  feet. 

The  Emma  Hill  tunnel. — ^Length,  900  feet. 

The  Victoria  tunnel. — ^Length,  900  feet.  Used  to  work  the  Victoria,  Imperial, 
Emma  May,  and  Alice  mines.  These  have  a  large  amount  of  cuttings,  have 
shipped  considerable  ore,  and  are  being  worked  upon  lease. 

The  Christiana  tunnel,  known  as  the  Oneida. — length,  250  feet 

The  Brewer  d  Lapham  tunnel. — ^Length,  150  feet.  Located  to  develop  the 
Darlington  mine. 
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The  Lady  Esten  tunnel. — ^Length,  800  feet.  Owned  by  the  Equitable  Tunnel 
&  Mining  Co. 

Th^  Iris  Tunnel  Co, — ^This  was  a  San  Francisco  company  which  began  work 
in  the  spring  of  1872  and  failed  in  the  autumn  of  1877  having  spent  about 
$100,000.  The  tunnel  was  taken  by  one  of  the  creditors  for  debt.  The  prop- 
erty consists  of  eight  locations  and  two  tunnel  sites  on  Emerald  Hill.  The  upper 
tunnel  is  1,165  feet  in  length  and  has  600  feet  of  drifts.  Two  veins,  from  6 
inches  to  2  feet  and  from  2  to  4  feet  wide,  were  cut.  Some  galena  and  pyrite 
ore  was  extracted.  Water  is  very  plentiful,  and  the  lower  tunnel,  300  feet 
below,  was  run  to  drain  the  ledges.  The  lower  tunnel  is  635  feet  long  and  has 
to  be  run  300  feet  farther  before  cutting  the  first  vein.  The  tunnels  are  large 
and  straight  and  are  ventilated  by  means  of  a  water  blast  driven  by  the  waste 
water. 

The  Etna,  St  Joseph,  Wasatch,  Silver  Belt,  and  Rothschild  tunnel  sites  are 
of  varying  lengths  and  have  all  been  abandone<1. 

Besides  the  tunnels  above  mentioned,  there  are  many  others  having  more  or 
less  development. 

In  recent  years  (1901-1913)  the  most  important  producers  in  the 
Little  Cottonwood  district,  named  in  the  order  of  greatest  output, 
have  been  the  Columbus  Consolidated  group;  the  Continental- Alta, 
reorganized  as  the  Unity  and  later  as  the  Michigan-Utah  Mining 
Co.  (this  included  the  early  producing  claims  known  as  the  Darling- 
ton, Grizzly,  Regulator,  and  Lavinia) ;  the  City  Kocks,  now  part 
of  the  Michigan-Utah  group  (this  included  the  Utah,  an  early 
producer) ;  and  the  South  Hecla  (includes  the  Alta  Hecla,  South 
Columbus,  and  Wedge).  The  Flagstaff  and  the'Columbus  Consoli- 
dated are  now  owned  by  the  Wasatch  Mines  Co.  For  several  years 
the  Columbus  Consolidated  operated  a  concentration  mill,  but  it  was 
destroyed  by  fire  in  September,  1914. 

The  Little  Cottonwood  district  has  yielded  a  regular  production 
of  metal  annually  since  1867  and  may  be  expected  to  continue  pro- 
ductive for  many  years  to  come.  Unfortunately,  no  complete  records 
were  kept  of  the  annual  production  in  the  early  period  of  operation, 
but  enough  data  are  available  to  make  very  close  estimates  possible. 
Such  data  are  found  in  the  statistical  reports  on  mines  and  mining 
in  the  States  and  Territories  west  of  the  Rocky  Mountains  for  the 
years  1867  to  1876.  Between  1875  and  1880  statistics  were  not  com- 
piled  by  the  Government,  and  for  these  years  the  mining  journals 
and  the  Salt  Lake  Tribune  furnish  statistics.  The  operations  and 
statistics  of  many  of  the  most  prominent  producers  from  1870  to 
1880  were  ably  reviewed  by  D.  B.  Huntley  in  volume  13  of  the 
Tenth  Census  report.  During  the  succeeding  years  the  reports  of  the 
Director  of  the  Mint  give  fragmentary  figures  until  the  year  1901, 
and  the  statistics  from  that  year  to  the  end  of  1913  have  been  com- 
piled by  the  United  States  Geological  Survey.  In  the  tables  of  pro- 
duction (pp.  193-194)  the  statistics  are  combined  with  those  for  the 
^ig  Cottonwood  district. 
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BIG  OOITONWOOD  DISTRICT. 

The  Big  Cottonwood  district,  organized  July  11,  1870,  is  in  Cot- 
tonwood Canyon,  in  Salt  Lake  County,  north  and  east  of  the  Little 
Cottonwood  district,  its  boundaries  being  the  summits  of  the  ridges 
on  each  side  of  the  canyon.  Most  of  the  mines  are  on  the  southern 
ridge.  Most  of  the  ore,  from  the  earliest  days,  has  been  hauled  by 
wagon  down  the  canyon  to  Sandy,  at  present  a  station  of  the  Denver 
&  Rio  Grande  and  San  Pedro,  Los  Angeles  &  Salt  Lake  railroads, 
or  directly  to  the  smelters  and  samplers  in  that  vicinity. 

The  Maxfield  mine,  on  the  north  side  of  Cottonwood  Canyon,  is 
14  miles  east  of  Sandy.  Argenta,  in  the  seventies  the  principal  min- 
ing camp  of  the  district,  is  but  a  quarter  of  a  mile  from  the  Maxfield 
mine.  This  property,  up  to  the  year  1880,  was  mostly  patented  and 
only  slightly  developed.  During  1880,  according  to  Huntley,^  it 
produced  about  90  tons  of  lead  ore,  containing  30  to  100  ounces  of 
silver,  which  was  sold  for  $4,518.  The  value  of  the  product  prior 
to  1880  was  roughly  estimated  at  $20,000.  Transportation  costs  in 
1880  to  Sandy  were  $4  to  $4.60  a  ton.  The  shipments  made  in  1880 
averaged  60  ounces  of  silver  to  the  ton  and  35  per  cent  of  lead.  The 
most  productive  period  of  the  mine  was  in  1892  and  1893.  No 
records  are  available  of  the  total  quantity  of  silver  and  lead  pro- 
duced from  the  mine,  but  it  is  reported^  that  $1,053,000  would  cover 
the  total  yield  of  the  property  from  1875  to  the  end  of  1906.  Since 
1906  lessees  have  produced  some  lead  ore  each  year.  The  total  divi- 
dends paid  by  the  Maxfield  Co.  amounted  to  $118,000.  The  mine 
was  pumped  out  early  in  1915,  with  a  view  to  further  development. 

On  the  south  side  of  Cottonvrood  Canyon  there  are  several  side 
ravines  or  forks,  including  Mill,  South,  Honeycomb,  Silver,  Days, 
Mill  D  South,  and  Mineral.  Between  Honeycomb  and  Silver  forks. 
2i  miles  northeast  of  Alta,  is  the  Prince  of  Wales  group,  consisting 
of  the  Antelope,  Prince  of  Wales,  Wandering  Boy,  Highland  Chief, 
Wellington,  and  Warrior  claims.  All  were  discovered  about  1870. 
Very  important  lawsuits  were  pending  between  1871  and  1875,  in 
which  the  owners  of  the  Highland  Chief  were  defeated  and  a  com- 
promise was  effected  with  the  owners  of  the  Wellington.  The  Prince 
of  Wales  group  is  credited  with  a  production  of  10,121  tons  of  ore  ■ 
to  the  end  of  1890.  Since  that  time  a  very  little  has  been  produced 
by  lessees,  who  in  1909,  1910,  and  1911  made  shipments  of  ore  con- 
taining 0.01  ounce  of  gold  and  90  to  144  ounces  of  silver  to  the  ton, 
1.25  to  3.75  per  cent  of  copper,  and  12  to  21  per  cent  of  lead.  Assays 
made  on  shipments  in  1879  show  the  lead  to  have  averaged  between 
25  and  48  per  cent  and  the  silver  between  61  and  224  ounces.    Mining 

»  Hantley,  D,  B.,  op,  cit.,  p.  428. 

«  Perfional  Rtatement  of  A.  L.  Thomas,  jr..  Salt  Lake  City. 

■  Compiled  from  reports  of  Director  of  Mint  and  commlsRloners,  1870-1890. 
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by  lessees  was  discontinued  because  of  the  large  amount  of  water 
present  in  the  lower  workings,  to  which  the  ore  is  said  to  extend. 
The  total  value  of  the  ore  produced  from  the  Prince  of  Wales  group 
between  1870  and  1890,  including  a  few  shipments  since,  is  variously 
estimated  from  $1,012,000  to  $2,000,000.  According  to  Huntley,* 
about  30  men  were  employed  in  1880,  many  of  them  working  under 
contracts  or  leases.    He  says: 

The  mine  is  opened  by  several  tunnels,  the  main  one  being  2,200  feet  long  and 
running  on  the  vein  entirely  through  the  ridge,  and  an  1,100-foot  incline,  on 
which  there  are  hoisting  works,  on  the  crest  of  the  ridge.  The  cuttings  are  said 
to  be  1,300  feet  in  extent. 

The  Richmond  and  Theresa  claims,  south  of  the  Prince  of  Wales, 
had  about  1,400  feet  of  openings  and  produced  lead-silver  ore  valued 
at  $150,000  to  the  end  of  1880.  The  Keed  and  Benson  claims  are 
often  mentioned  in  early  reviews  as  producers  of  rich  ore.  Subse- 
quently these  and  other  claims  in  the  vicinity  were  incorporated  into 
the  Kennebec  group,  whose  record  as  a  producer  was  not  important. 
Huntley  *  estimates  the  total  product  to  1880  at  $600,000. 

The  Ophir,  discovered  in  1870,  according  to  Huntley,  had  pro- 
duced about  $30,000  worth  of  ore  to  1880. 

The  mines  of  the  Kessler  Mining  Co.,  later  purchased  by  the  Car- 
bonate Co.,  are  estimated  by  Huntley  to  have  produced  ore  valued  at 
about  $380,000  previous  to  1880. 

Other  mines  active  in  the  district  previous  to  1880  are  mentioned 
by  Huntley  as  follows: 


Mine. 

Total, 
length  of 
openings. 

Total 
product. 

Condition  at  close  of 
the  census  year  (1880). 

Remarks. 

Silver  Mountain  Minins  Co. 

Feet, 
600 

fiOO 

700 
300 

$10,000 

3,000 

Small. 

a840 

SmalL 

25,000 

Actire 

Ore  assays  50  ounces  sflyer. 
35  per  cent  lead,  and  S3 

Ore  assays  60  to  100  ounces 

Thor  and  Bright  Point.... 

do .* 

Klein  Mli^inir  Co. 

Prospected  irregularly. 

silver  and  40  to  60  per  cent 
lead. 

Putorbsugh 

ImperialMininjr.  MUl^  & 

A  few  hundred  feet  of  cut- 

Smelting Co. 
Dolly  Varden 

1,400 

tings.    Worked  irregularly 
for  two  other  years. 
Property  in  litigation. 

a  During  1880. 

In  recent  years  very  few  properties  in  the  Big  Cottonwood  district 
have  produced  any  ore.  The  more  productive  have  been  the  Black 
Bess  group  of  the  Michigan-Utah  Mining  Co.,  the  Maxfield,  and 
the  Cardiff.  It  is  impossible  to  segregate  the  production  of  the  dis- 
trict from  that  generally  credited  to  the  Little  Cottonwood  district; 
therefore,  all  the  statistics  available  for  the  Big  Cottonwood  district 
have  been  combined  in  the  table  with  those  of  the  Little  Cottonwood 
district  in  the  table  below. 


»  Huntley,  D.  B.,  op.  cit,  p.  428. 


'  Idem,  p.  429. 
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AMERICAN  FORK  DISTRICT. 

The  American  Fork  district,  at  the  head  of  American  Fork  canyon, 
is  separated  from  the  Little  Cottonwood  district  by  a  sharp  divide. 
It  was  organized  July  21,  1870,  and  has  an  area  of  6  square  miles. 
The  mining  town,  called  Forest  City,  was  18  miles  from  the  town  of 
American  Fork.  In  later  years,  since  the  decline  of  the  Miller  mine, 
the  district  has  yielded  only  a  small  production. 

Huntley^  reviews  the  conditions  as  they  existed  in  1880  as  follows: 

The  Miller  mine,  formerly  the  principal  mine  of  the  district,  was  dlscovere*! 
in  September,  1870,  and  was  sold  the  following  year  for  $120,000  or  over.  The 
Sultana  smelter  (three  stacks)  was  erected  in  1871-72.  and  ran  irregularly  until 
the  spring  of  1875.  In  1871-72  a  narrow-gage  railroad  was  built  up  the  canyon 
to  within  4  miles,  of  the  smelter,  costing  $240,000,  if  report  is  correct.  At  the 
same  time  25  stone  charcoal  kilns,  15  at  the  smelter  and  10  at  the  end  of  the 
railroad,  were  constructetl.  Everything  was  done  on  a  grand  scale.  At  times 
200  men  were  employed.  The  ore  bodies  gave  out,  and  the  company  shut  down 
the  mine  in  December,  1876,  since  which  time  it  has  only  been  worked  on  lease. 
The  charcoal  kilns,  which  were  of  the  beehive  pattern  and  held  about  25  cords 
each,  ran  almost  continuously  from  1872  to  1877,  making  coal  for  the  Salt  Lake 
smelters.  The  track  was  taken  up  In  1878  and  the  iron  sold.  The  bottoms  of 
the  old  furnaces  were  torn  up  to  get  the  large  amount  of  lead  contained  in  them, 
and  the  old  slag  dumps  were  profitably  picked  over  four  times  to  find  scraps  of 
lead,  unreduced  ore,  and  matte.  ♦  ♦  •  Various  estimates  are  given  of  the 
total  product  and  the  average  grade  of  the  ore  of  the  Miller  mine.  The  range 
of  these  is  l>etween  13,000  and  15,000  tons,  assaying  from  40  to  54  per  cent  lead, 
from  30  to  47  ounces  of  silver,  and  from  $2  to  $10  gold. .  ♦     •    ♦ 

The  Wild  Dutchman  mine  is  a  quarter  of  a  mile  east  of  Forest  City.  It  was 
discovered  in  1872  and  sold  to  the  Omaha  Smelting  &  Refining  Co.  of  Nebraska, 
who  worked  It  until  September,  1876,  when  it  was  leased.  ♦  ♦  ♦  Five  large 
bodies  [of  ore]  have  been  found,  one  20  feet  from  the  surface,  one  300  feet  from 
the  surface,  and  others  between  these.  The  ore  is  the  usual  ochery  carbonate  of 
lead  found  In  a  lime  formation  and  contains  small  amounts  of  heavy  spar. 
♦  ♦  ♦  '  The  mine  is  opened  by  seven  working  tunnels  from  the  hillsides  at 
various  levels.  *  *  •  The  total  product  of  the  mine  to  1880  was  estimated 
at  7,900  tons,  averaging  45  ounces  of  silver  and  40  per  cent  lead. 

The  other  mines  of  American  Fork  district  are : 


»  Huntley,  D.  B..  op.  cit.,  pp.  444-446. 
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lUne. 


Total 
length  of 
opeoings. 


Total 
product. 


Condition  at  dose 
of  the  census 
year. 


Remarks. 


Pittsburg. 


Sunda' 
Sflyer^ell 


& 


Fut. 
1,185 

300 
a  120 


Excelsior  Silver  Kining  Co. 


2/)00ton8. 

|17/X)0.... 
130  tons  of 

100-ounce 

ore. 


Active . 


5  men  tunneling. 
Active 


.do. 


Utah  Consolidated  MiningCo. 

Queen  of  the  West 

Orphan 

Live  Yankee  and  Mary  Ellen. 


1,000 


Treasurer 

Silver  Dipper. 


Whirlwind 

Noncompromise. 
Hudson 


476 

(XX) 

1,000 
400 


250  tons... 
600  tons... 

A  few  tons. 


tS/XX).. 
S15AX). 
None... 


Idle.... 
Active. 
Idle... 


Some  prospecting 
done. 


Ore  assays  13  ounces  silver,  44 
per  cent  lead,  and  S2  gold. 


Developments  limited;  ore  ar- 

gentiierous  galena,  assaying 

00  ounces  suver  and  50  per 

cent  lead  and  a  trace  of  gold. 
Seven  claims.      Several  ntm- 

dred  feet  of  developments. 
In  1874  f28/XX)  taken  from  one 

pocket. 
Ore  assays  00  ounces  silver  and 

40  per  cent  lead. 
Ore  formerly  assayed  18  ounces 

silver,  7  per  cent  lead,  and  94 

gold. 
Ore  assayed  85  ounces  sflver 

and  some  lead. 
Ore  assays  10  to  20  ounces  and 

40  per  cent  lead. 

Ore  assayed  40  ounces  silver. 
An  extension  of  the  Pittsburg. 


a  Incline;  also  some  tunneling  work. 

After  the  closing  of  the  Miller  mine  in  1876  assessment  work  was 
performed  yearly  and  some  ore  produced  and  shipped.  In  1904  a 
body  of  ore  was  found  in  the  Miller  mine,  which  during  the  next  few 
years  yielded  metals  to  the  value  of  several  hundred  thousand  dol- 
lars, but  since  1907  there  has  been  a  decline  in  the  output. 

The  following  tables  show  the  tonnage  and  yield  of  ore  produced 
in  the  district  from  1901  to  1913,  and  by  periods  from  1870  to  1913 : 
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DIVIDENDS. 

Dividends  aggregating  several  million  dollars  are  reported  to 
have  been  paid  to  stockholders  by  mining  companies  operating  in  the 
Little  Cottonwood  and  Big  Cottonwood  districts.  Some  of  the  pub- 
lished statements  follow,  but  many  of  the  facts  are  discredited  by 
old  residents,  who  say  that  the  managements  of  early  mine  operations 
were  very  expensive.  Raymond  *  reviews  a  statement  in  which  divi- 
dends are  mentioned,  furnished  by  N.  M.  Maxwell,  superintendent 
of  the  Flagstaff  mine,  as  follows : 

The  product  of  the  Flagstaff  furnaces  during  1872  was  3,000  tons  of  metal, 
containing — 

Silver $300,000;  average  per  ton,  $130 

Gold - 120,000;  average  per  ton,      40 

Lead 240,000;  average  per  ton,      80 

Total 750, 000 

The  capital  of  the  company  is  £300,000,  on  which  30  per  cent  in  dividends 
have  been  paid  during  the  last  three  months  and  24  per  cent  during  those 
preceding,  the  total  amount  of  dividends  paid  being  £76,000. 

In  a  later  report  *  it  is  stated : 

This  splendid  mine  has  produced  during  1873,  according  to  the  directors* 
report,  15,000  tons  of  ore  of  an  average  value  of  $54  per  ton  in  the  ore  market. 
The  same  report  says  the  expenses  for  mining  ought  to  have  been  $5,  hauling 
$8,  establishment  charges  $4,  total  $17,  leaving  $37  profit  per  ton.  Yet  there 
was  not  only  no  profit  made,  but  in  the  fall  the  company  was  very  heavily  in 
debt  and  the  value  of  shares  depreciated  rapidly  in  London. 

According  to  Huntley,^  who  reviews  conditions  in  the  district  up 
to  October,  1880,  the  Emma  mine,  worked  by  English  managers,  paid 
$300,000  in  dividends  (one  authority  says  $1,300,000)  until  Septem- 
ber, 1874,  when  it  was  attached  for  an  indebtedness  of  $300,000.  It 
was  then  idle  imtil  October,  1877.  The  Flagstaff  mine,  when  owned 
by  the  English  company,  paid  dividends  that  amounted  to  about 
$350,000. 

From  all  available  data,  the  dividends  paid  by  the  mining  com- 
panies in  the  Little  and  Big  Cottonwood  districts  to  the  end  of  1913 
are  as  follows :  Emma,  $300,000 ;  Flagstaff,  $350,000 ;  Columbus  Con- 
solidated, $212,623;  Vallejo  and  Titus  (Joab  Lawrence),  $180,000; 
Maxfield,  $117,000.  If  $700,000  is  estimated  to  cover  the  dividends 
realized  from  other  properties,  including  the  Prince  of  Wales,  it 
gives  a  total  dividend  record  of  over  $1,850,000. 

^  Raymond,  R.  W.,  Statistics  of  mines  and  mining  in  the  States  and  Territories  west  of 
the  Rocky  Mountains  for  1872,  p.  247,  1873. 
'  Idem  for  1873,  p.  280,  1874. 
»  Huntley,  D.  B.,  op.  clt.,  p.  428. 
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DEVELOPMENT. 

As  in  most  other  mining  districts,  the  earliest  development  work 
on  the  ore  bodies  consisted  in  following  them  down  with  shafts  or 
inclines.  In  this  region,  however,  large  flows  of  water  were  fre- 
quently encomitered  at  relatively  shallow  depth.  The  heavy  cost  of 
pumping  and  the  strong  relief  of  the  region  early  led  to  the  driving 
of  tunnels  for  the  double  purpose  of  draining  and  developing  the 
deposits.  These  tunnels  have  been  carried  to  increasing  depths,  and 
in  recent  years  there  has  been  a  general  tendency  toward  the  con- 
solidation of  properties  into  large  groups  and  the  development  of 
these  groups  by  deep  drainage  tunnels.  Such  tunnels  have  been  and 
are  being  driven  from  both  sides  of  the  ridge  between  Little  Cotton- 
wood and  Cottonwood  canyons. 

The  strong  relief  of  the  region  makes  it  especially  adapted  to 
exploration  by  tunnel,  and  there  can  be  no  question  that  this  is  the 
most  practical  method  of  development.  The  great  abundance  of  ^^  fine 
tunnel  sites''  has  apparently  been  a  temptation  that  was  hard  to 
resist,  as  is  shown  by  the  scores  of  such  works  that  have  been  started. 
That  more  than  a  ^^  fine  site  "  is  necessary  to  the  financial  success  of 
such  a  project,  however,  is  indicated  by  the  large  percentage  of  fail- 
ures that  have  resulted. 

CLASSIPICATION  OF  THE  QBE  DEPOSITS. 

GENERAL  TYPES. 

All  the  deposits  of  commercial  importance  that  have  been  devel- 
oped to  the  present  time  occur  in  the  sedimentary  rocks.  Some  small 
veins  in  the  intrusive  rocks  have  been  prospected  to  a  slight  extent, 
but  so  far  as  known  they  have  yielded  no  metal.*  The  deposits  in 
the  sedimentary  rocks  can  be  referred  to  three  general  types,  but  the 
separation  of  these  types  in  the  mines  is  not  always  readily  accom- 
plished, as  they  show  transitions  from  one  to  another.  The  three 
main  types  recognized  are  contact  deposits,  fissure  deposits,  and 
bedded  deposits. 

At  the  time  of  visit  some  of  the  mines  that  have  made  the  district 
famous  were  idle,  and  only  meager  notes  concerning  the  occurrence 
of  the  ores  in  them  were  obtained,  but  the  data  from  the  active  mines 
give  a  good  idea  of  the  character  and  relations  of  the  different  types 
of  deposits.  Data  on  several  of  the  old  mines  have  been  taken  from 
reports  made  by  engineers  at  the  time  the  mines  were  active. 

CONTACT  DEPOSITS. 

Under  contact  deposits  are  included  replacement  deposits  in  lime- 
stone closely  associated  with  intrusive  rocks  and  containing  the  min- 

^  Since  tblin  was  written  It  has  been  reported  that  several  tons  of  molybdenum  ore  has 
'>ecD  produced  by  the  Alta-Gladstone  Co.  from  a  quartz-py rite-molybdenite  Ycln  in  the 
'anodiorite  of  the  Little  Cottonwood  stock  about  2  mUea  west  ot  AltCU 
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erals  commonly  known  as  ''  contact  minerals/'  such  as  magnetite,  gar- 
net, and  diopside.  Deposits  of  this  character  are  present  along  the 
north  border  of  the  Clayton  Peak  stock,  where  it  is  in  contact  with 
the  limestone,  and  are  also  associated  with  smaller  bodies  of  intrusive 
rock  in  the  limestone.  Certain  strata  in  the  limestone  have  been  most 
susceptible  to  the  action  of  the  mineralizing  solutions  and  have  in 
some  localities  been  partly  replaced  for  several  hundred  feet  from 
the  contact. 

At  several  places  in  the  limestone  north  of  the  Clayton  Peak 
stock,  several  hundred  feet  from  any  exposure  of  igneous  rock,  were 
noted  deposits  that  are  mineralogically  similar  to  the  contact  depos- 
its and  are  classed  with  them.  It  is  possible  that  they  are  hot  far 
distant  from  intrusive  rock  which  is  not  exposed  at  the  surface. 
Deposits  of  this  character  occur  along  the  southern  border  of  the 
Clayton  Peak  stock  and  are  associated  with  dikes  in  the  sediments 
between  the  Clayton  Peak  and  Little  Cottonwood  stocks. 

Mineralogically  the  deposits  contain,  in  addition  to  unreplaced 
carbonate,  diopside,  garnet,  monticellite,  muscovite,  phlogopite,  mag^ 
netite,  hematite,  and  iron  and  copper  sulphides.  Two  species  of 
garnet  were  noted — a  light-yellow  variety,  probably  an  iron-lime 
garnet,  and  a  beautiful  green  variety,  probably  containing  Chromium. 
The  latter  was  noted  especially  northwest  of  Lake  Solitude.  Lud- 
wigite  occurs  in  contact-altered  limestone  northeast  of  the  City 
Kocks  mine. 

At  several  localities  along  the  north  border  of  the  Clayton  Peak 
stock  the  deposits  contain  abundant  magnetite  and  specularite,  and 
have  a  high  content  of  iron.  The  copper  content  varies  consider- 
ably. Bodies  of  "the  material  are  said  to  average  above  2  per  cent 
of  copper  and  selected  portions  to  average  above  5  per  cent.  The 
deposits  all  contain  small  amounts  of  gold  and  silver.  Owing  to 
the  high  cost  of  transportation  in  the  district  it  has  not  been  pos- 
sible to  market  this  material  at  a  profit,  and  consequently  the  deposits 
of  this  type  have  been  but  little  developed,  and  have  yielded  little 
metal,  in  other  localities  in  the  State,  where  transportation  is 
cheaper,  it  has  been  found  possible  to  work  deposits  of  this  char- 
acter, the  high  content  of  iron  serving  to  pay  part  of  the  expense  of 
mining  and  transportation. 

FISSURE    DEPOSITS. 
OEKEKAL  OHABAOTEB. 

Under  fissure  deposits  are  included  those  in  which  the  minerals 
occur  mainly  as  a  filling  of  fissures.    In  nearly  all  of  them  there  is 
some  replacement  of  the  wall  rock,  and  this  replacement  may  be- 
come so  extensive  at  certain  points  that  the  deposit  approaches  the 
10427^— BuU,  620-16 14 
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bedded  type.  On  the  other  hand,  contact  minerals  may  be  present 
in  the  replaced  wall  rocks,  and  such  deposits  approach  the  contact 
type.  The  fissure  deposits  are  present  at  different  stratigraphic 
horizons  in  the  district,  but  where  the  adjacent  rock  is  especially 
susceptible  to  replacement,  either  on  account  of  chemical  composi- 
tion or  of  physical  character,  they  give  place  to  bedded  deposits. 
The  fissure  deposits  are  mostly  in  northeasterly  and  east-northeast- 
erly fissures,  which  usually  have  steep  northwesterly  or  northerly 
dips,  but  a  few  have  been  noted  in  fissures  trending  nearly  due 
north.  They  occur  in  rocks  of  very  different  character  and  com- 
position, including  the  Cambrian  quartzites  and  shales,  in  which 
the  Toledo,  Branborg,  Cardiff  (upper  tunnel),  Pacific,  and  one  of 
the  Live  Yankee  veins  occur;  the  Carboniferous  limestone,  which  is 
the  predominant  wall  rock  of  the  City  Rocks  vein;  and  even  the 
Thaynes  formation  (Triassic),  in  which  the  veinlike  body  of  the 
Barry-Coxe  mine  is  located.  The  Dutchman,  Bay  State,  and  two 
of  the  Live  Yankee  veins  are  in  early  Paleozoic,  probably  Cambrian 
limestone. 

YEIHS  IN  BIO  Aim  LITTLE  COTTONWOOD  DI8T&ICTB. 

The  Toledo  vein  was  not  being  worked  at  the  time  of  the  writer's 
visit,  though  an  effort  was  being  made  by  the  Columbus  Exten- 
sion Co.  to  locate  the  vein  below  the  old  workings.  The  following 
description  of  the  vein  is  given  by  Huntley :  ^ 

The  ore  occurs  In  a  fissure  vein,  from  1  to  3  feet  wide,  cutting  diagonally 
across  a  quartz! te  formation,  dipping  NNW.  SC,  and  is  found  in  several  chim- 
neys 50  feet  long  on  the  strike  and  about  50  feet  apart.  They  dip  with  the 
strike  toward  the  east.  The  ore  is  a  hard,  porous  brown  siliceous  oxide  of 
iron  of  very  high  grade.  It  was  said  to  have  averaged  from  80  to  109  ounces 
to  the  ton.  Water  was  found  200  feet  from  the  surface,  but  the  character  of 
the  ore  did  not  change.  Where  the  vein  passed  from  the  quartzite  into  a  belt 
of  schist  there  was  much  pyrite.  The  mine  is  operated  through  a  shaft  455  feet 
deep,  vertical  for  part  of  its  length.  The  horizontal  development  of  the  vein  is 
350  feet  and  the  total  cuttings  are  estimated  at  2,000  feet. 

The  City  Rocks  fissure  (now  Michigan-Utah  mine),  as  developed 
near  the  surface,  is  thus  described  by  Huntley :  ^ 

The  Utah  is  a  fissure  vein,  from  1  foot  to  20  feet  wide,  dipping  70''  or  more 
NW.  through  strata  of  blue  and  white  siliceous  limestone  or  dolomite,  which 
dip  about  30°  NE.  It  had  outcrops  in  places  and  is  known  to  extend  4,000  feet 
in  length  and  700  feet  in  depth.  The  gangue  of  the  vein  is  oxide  of  iron  and  a 
sand,  apparently  the  result  of  the  decomposition  of  the  siliceous  country  rock. 
The  ore  is  from  1  foot  to  10  feet  (averaging  from  2  to  3  feet)  wide,  immediately 
in  contact  with  the  walls,  but  not  confined  to  either.  Three  chimneys  have  been 
found  200  feet  long  and  about  SCO  feet  apart.  One  came  to  the  surface,  and  the 
others  to  within  100  feet  of  it.    They  dip  with  the  strike  about  66°  NB.    The 


^  Huntley,  D.  B.,  op.  clt,  p.  425. 
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positions  of  these  chimneys  appear  to  be  determined  by  the  strata  of  white 
limestone.  The  ore  makes  where  the  vein  crosses  the  white  limestone  but 
pinches  where  the  harder  blue  limestone  is  encountered.  It  is  a  soft  red,  some- 
times rather  sandy  oxide  of  iron  containing  carbonate  of  lead  and  galena  and 
in  places  stains  of  malachite.  The  first  class  assays  30  per  cent  lead,  30  ounces 
and  upward  of  silver,  and  a  trace  of  gold.  There  is  also  much  low-grade  Jigging 
ore  in  the  mine.  On  the  south  side  a  dike  of  porphyry  appears,  running  nearly 
parallel  with  the  vein.    Near  the  porphyry  the  ore  has  not  been  so  rich. 

The  vein  has  been  prospected  at  greater  depth  by  the  Lake  Soli- 
tude tunnel,  which  opens  it  300  feet  below  the  City  Rocks  tunnel. 
In  1912  the  vein  had  been  developed  for  several  hundred  feet  by  this 
tunnel  and  a  winze  had  been  sunk  200  feet  below  the  tunnel  level  to 
the  ninth  and  tenth  levels.  A  raise  connects  this  tunnel  with  the  City 
Rocks  tunnel,  and  levels  have  been  opened  between  the  two.  In  the 
lower  levels  the  vein  ranges  from  a  few  inches  to  3  or  4  feet  in  width, 
and  where  the  fissure  crosses  certain  of  the  limestone  bedding  planes 
replacement  has  extended  several  feet  from  the  fissure.  ^^ 

The  ore  is  oxidized  to  the  Lake  Solitude  tunnel  level  and  is  said 
to  be  oxidized  to  the  tenth  level,  200  feet  below  the  tunnel.  The 
ore  contains  abundant  limonite  and  in  places  rather  abundant  man- 
ganese oxide  and  notable  amounts  of  wulfenite.^ 

The  commercially  important  metals  are  lead,  silver,  and  copper, 
with  small  amounts  of  gold. 

Raymond '  describes  the  mineralization  in  the  Savage  and  Monte- 
zuma claims  as  follows: 

Savage:  This  claim  comprises  1,400  feet  and  is  located  high  up  on  the  hill- 
side, about  1,600  feet  above  the  Emma  and  a  few  hundred  feet  east  of  the 
Flagstaff.  It  is  opened  to  a  depth  of  over  230  feet  by  a  single  inclined  pros- 
pecting shaft  following  the  vein  and  without  any  side  drifts.  The  ore  shows 
near  the  entrance  of  the  incline  as  a  rusty,  gossan-like  mass  or  vein,  cutting 
the  beds  of  limestone  vertically.  A  few  feet  below  the  surface,  within  the  in- 
cline, the  thickness  of  the  vein  overhead  is  about  8  feet.  It  pinches  up  at  a 
point  lower  down  and  toward  the  bottom  of  the  incline  opens  out  again  to  a 
vein  from  2  to  3  feet  wide  of  rich  ore,  yellowish  and  rusty  in  color  and  in 
places  streaked  with  green  stains  of  copper.  Quartz  vein  stone  is  found  at  the 
lK)ttom  of  the  mine,  and  it  is  hopecl  that  this  will  prove  to  be  a  continuous, 
regular  vein  formation.  The  ore  is  soft  and  earthy,  much  like  that  from  the 
Emma  and  other  claims.  It  is  rich  in  silver  and  lead.  The  mineral  wulfenlte 
is  found  disseminated  in  small,  thin  crystals  throughout  the  vein. 

The  Montezuma  Is  about  90  feet  west  of  the  dump  of  the  Savage.  The  vein 
is  vertical,  or  nearly  so,  like  the  Savage,  and  extends  apparently  from  3''  to  5*" 
west  of  north  (magnetic).  The  croppings  are  rusty  and  rather  hard,  but 
below  the  ore  is  softer  and  richer  in  silver  and  lead.  The  country  rock  is  a 
hard  black  limestone.  This  vein,  like  the  Savage,  is  opened  by  an  incline  to 
n  depth  of  240  feet.     This  incline  follows  the  ore,  and  Its  direction  is  about 


1  Heas,  F.  L.,  Wulfenlte  at  Alta,  Utah  :  U.  S.  Geol.  Survey  Bull.  340,  p.  238,  1908. 
*  Raymond,  R.  W.,  Statistics  of  mines  and  mining  in  the  States  and  Territories  west  of 
th0  Rocky  Mountaina  for  1871,  p.  324,  1872. 
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N.  40**  W.  The  vein  may  be  said  to  average,  where  opened,  2i  feet  in  thick- 
ness. Some  200  tons  of  ore  had  been  shipped  up  to  July  and  about  the  same 
quantity  remained  upon  the  dump. 

The  deposits  in  the  Columbus  Consolidated  mines  (part  of  the 
Wasatch  group)  are  in  part  fissure  veins,  though  the  larger  deposits 
may  better  be  classed  as  bedded  deposits. 

Huntley  ^  describes  the  mines  on  Honeycomb  Fork  as  follows : 

The  Butte  mine,  at  the  head  of  Honeycomb  Fork,  2i  miles  northeast  of  Alta, 
was  discovered  in  1869  and  has  been  worked  irregularly  since.  It  is  said  to  be 
a  fissure  vein  in  limestone,  from  6  inches  to  4  feet  wide,  dipping  55**  N.,  and  is 
supposed  to  be  an  extension  of  the  Utah  and  City  Rock  of  Little  Cottonwood 
district  It  outcropped  for  several  hundred  feet  on  the  hillside  in  the  form 
of  a  soft  ocher-stalned  limestone.  Ore  occurs  on  the  footwall  in  8  or  10 
lenticular  bodies,  from  1  inch  to  3  feet  wide,  at  considerable  distance  below  the 
surface.  It  is  a  high-grade  ocher  and  carbonate.  Sometimes  much  black 
oxide  of  manganese  is  found.  The  mine  is  dry  (excepting  surface  water)  and 
is  worked  through  a  200-foot  tunnel.  The  total  cuttings,  including  two  old 
inclines,  are  2,900  feet  Nine  men  were  employed  during  the  census  year.  The 
total  product  to  June  1,  1880,  was  estimated  at  $27,000. 

The  Oregon  is  an  extension  of  the  Butte.  The  property  [is  held  by  a  Canadian 
corporation  and]  also  includes  four  patented  prospects  on  which  very  little 
work  has  been  done — ^the  Columbus,  the  Taylor,  the  Abbey,  and  the  Black  Bess. 
It  is  a  fissure  vein,  from  1  to  15  feet  (average,  3  feet)  wide,  dipping  60**  NNE. 
in  Jlmestone.  Only  one  body  of  ore  has  been  found.  This  came  to  the  surface 
and  was  120  feet  long,  from  3  inches  to  3  feet  wide,  and  extended  to  a  depth 
of  300  feet.  It  assayed  about  50  ounces  silver  and  30  per  cent  lead.  The  mine 
contains  1,6(X)  feet  of  cuttings  and  has  been  opened  350  feet  on  the  dip  and  480 
feet  horizontally  (by  means  of  an  8-horsepower  vertical  engine).  Water  was 
found  at  100  feet,  but  no  change  occurred  in  the  oxidized  character  of  the  ore. 
During  the  census  year  eight  men  were  employed,  and  a  small  amount  of  ore 
was  extracted.  It  was  idle  at  the  time  of  the  writer's  visit,  owing  to  the  loss 
of  the  lawsuit  between  it  and  the  Butte.  The  total  product  to  1880  was  esti- 
mated at  $10,000. 

The  main  output  of  the  South  Hecla  mine  has  been  derived  from 
fissure  deposits,  though  contact  deposits  associated  with  dikes  are  also 
present.  The  principal  metals  obtained  in  the  lower  workings  have 
been  copper  and  lead,  though  it  is  said  that  near  the  surface  ores 
with  a  high  lead  content  were  mined. 

Fissure  deposits  are  said  to  be  present  in  the  sedimentary  rocks 
between  the  Little  Cottonwood  and  Clayton  Peak  stocks  in  the  Albion 
and  other  mines,  but  were  not  examined. 

The  vein  of  the  Cardiff  mine,  exposed  in  the  upper  tunnel,  follows 
a  fissure  that  strikes  N.  35°  E.  and  dips  65°  NW.  The  wall  rock  is  the 
"  upper  quartzite."  The  ore  exposed  in  1912  consisted  of  pyrite  and 
tetrahedrite  and  a  minor  amount  of  galena  in  a  quartz  gangue.  No 
zinc  blende  was  noted.  A  qualitative  test  proved  the  presence  of  a 
little  zinc  in  the  tetrahedrite.    No  inclusions  of  zinc  blende  were 

^  BuDtley,  D.  B.,  op.  cit,  p.  428, 
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detected  by  microscopic  study  .of  the  polished  mineral,  but  small 
amounts  of  a  secondary  mineral  resembling  covellite  were  noted  sur- 
rounding pyrite  grains  in  the  tetrahedrite  and  filling  minute  frac- 
tures. Tetrahedrite  containing  a  notable  amount  of  zinc  has  been 
reported  from  the  Park  City  district.^  The  ore  minerals  formed 
apparently  pure  bands  or  lenses  1  to  3  or  4  feet  thick.  The  greatest 
thickness  ever  found  was  said  to  be  6  feet.  The  lenses  were  sepa- 
rated by  bands  of  white  quartz  and  tmreplaced  quartzite.  The  ore 
then  mined  was  said  to  contain  about  12  per  cent  of  copper,  a  good 
proportion  of  silver,  and  $1  to  $2  in  gold  to  the  ton.  The  proportion 
of  galena  was  said  to  increase  above  the  upper  tunnel,  and,  locally  at 
least,  to  mark  the  upward  termination  of  pay  ore.  The  ore  was 
practically  free  from  oxidation  at  and  below  the  level  of  the  upper 
tunnel.  At  higher  levels,  in  a  vein  on  which  the  old  Cardiff  shaft 
was  sunk,  lead  carbonate  ore  was  found  down  to  a  depth  of  150  feet 
below  the  shaft  collar.  The  large  ore  body  which  was  foimd  since 
the  writers'  visit  and  which  has  attracted  much  attention,  belongs  to 
the  bedded  type  of  deposits  and  will  be  mentioned  later. 

The  Branborg  property  contains  three  fissures — ^the  Garfield,  Silver 
King,  and  Gustavus  Adolphus — all  striking  N.  35^-40°  E.  and  dipping 
about  60°  NW.  Another  fissure,  probably  a  branch  of  the  Garfield, 
strikes  N.  10°  E.  and  dips  about  60°  W.  The  Garfield  fissure  and  its 
branch  carry  ore  containing  pyrite,  blende,  and  galena  in  a  quartz 
gangue.  They  have  been  cut  by  a  long  adit,  and  the  Garfield  fissure 
has  been  followed  by  drifts  to  the  southwest  and  northeast!  North- 
eastward it  pinches  at  the  quartzite  and  shale  contact.  No  prospect- 
ing for  a  continuation  of  the  fissure  in  the  limestone  above  the  shale 
has  been  undertaken.  Shallow  pits  in  the  limestone,  however,  have 
struck  small  quantities  of  lead  carbonate,  with  a  high  silver  content, 
which  may  be  connected  with  northeasterly  fissures. 

The  Silver  King  fissure  had  not  been  reached  by  the  tunnel  in  1912. 
It  has  been  traced  a  long  distance  on  the  surface,  from  the  vicinity  of 
the  tunnel  southwestward  across  the  divide  into  Little  Cottonwood 
Canyon,  and  is  in  line  with  one  of  the  fissures  that  extend  downward 
into  the  granodiorite.  Its  mineralization  is  of  the  same  type  as  that 
of  the  Garfield  fissure. 

The  Gustavus  Adolphus  fissure  also  has  the  same  type  of  min- 
eralization, but  its  ore,  so  far  as  mined,  contains  less  zinc  and  gives 
higher  assay  values  than  that  from  the  Garfield  fissure.  The  mixed 
sulphide  ore  from  the  fissures  as  a  whole  will  probably  require  con- 
centration and  the  separation  of  blende  from  galena  to  yield  the  best 
results.  It  appears  well  suited  for  concentration.  Small  amounts  of 
oxidized  ore  mined  from  shallow  workings  are  said  to  have  yielded  as 

>  Boutwell,  J.  M.,  op.  cit.,  p.  109. 
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high  as  1,000  ounces  of  silver  to  the  ton,  but  the  oxidized  ores  are  very 
superficial  and  constitute  almost  negligible  fractions  of  the  entire 
veins. 

The  ore  deposits  seen  in  the  Barry-Coxe  mine,  on  the  southwest 
slope  of  Scott  Hill,  represent  a  transition  in  character  between  the 
contact  and  fissure  types  of  deposits,  also  between  the  fissure  and 
bedded  replacement  types.  The  ore,  so  far  as  developed  by  shallow 
workings  in  1912,  occurs  as  pockets  in  partly  metamorphosed  lime- 
stone along  fissures  trending  N.  13**  W.,  north  and  east.  The  pay  ore 
is  found  between  layers  of  lean  silicate  rock  and  replaces  the  walls  for 
a  few  feet  from  the  fissure.  The  most  pronoimced  replacement  ex- 
posed at  the  time  of  examinaton  e2d;ended  10  feet  from  the  N.  13^  W. 
fissure.  The  ore  seen  was  a  mixture  of  pyrite,  blende,  and  galena  in  a 
gangue  consisting  essentially  of  garnet,  diopside,  sericite,  and  quartz. 
One  of  the  easterly  fissures,  along  a  fault  plane  against  which  the  ore 
along  a  northerly  fissure  stopped,  contained  green  copper  stains.  The 
garnet  and  diopside  were  formed  before  the  ore  and  other  gangue 
minerals,  but  there  was  no  evidence  to  determine  whether  the  country 
rock  was  first  partly  replaced  by  contact-metamorphic  minerals  and 
at  a  distinctly  later  period  replaced  further  by  the  ore,  or  whether  all 
the  minerals  were  deposited  in  definite  sequence  during  one  period. 
Absence  of  fracturing  in  the  metamorphic  minerals  favors  the  latter 
view. 

VSnrS  IN  THE  AXE&IOAK  TOEK  DIBTEIOT. 

The  Silver  Dipper  vein  follows  a  fissure  that  strikes  N.  65^  E.  and 
dips  60°-65°  NW.,  in  Cambrian  quartzite.  The  vein,  which  was 
worked  in  the  seventies,  is  said  to  have  consisted  of  pyrite  and  quartz 
with  some  good  shoots  of  galena. 

The  Waterfall  vein  lies  along  a  fault  trending  nearly  due  north  be- 
tween shale  and  quailzite.  It  is  marked  by  pinches  and  swells,  and 
the  swells  are  about  4  feet  thick.  The  ore  minerals  are  galena,  pyrite, 
tetrahedrite,  and  a  little  zinc  blende  in  a  gangue  of  quartz.  It  has 
been  opened  by  two  tunnels  that  extend  northward  and  southward 
from  the  creek  bed  where  it  crosses  the  vein.  The  south  tunnel  in 
1912  was  300  feet  long,  and  the  north  tunnel  about  50  feet. 

Three  veins  have  been  worked  or  prospected  on  the  Live  Yankee 
property,  near  the  head  of  Mary  Ellen  Gulch,  but  only  one  was  acces- 
sible in  1912.  This  vein  lies  between  a  footwall  of  quartzite  and  a 
hanging  wall  of  pyritized  porphyry  and  has  a  N.  85°  W.  trend.  Its 
ore  minerals  are  pyrite,  chalcopyrite,  zinc  blende,  and  galena,  and  its 
gangue  minerals  quartz  and  barite.  One  of  the  other  veins  lies  along 
an  east- west  fault  zone  and  is  said  to  have  contained  the  ^^  big  stope,^^ 
mined  in  early  days.   The  ore  of  the  "  big  stope  "  is  said  to  have  lain 
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between  walls  of  shale  at  the  base  of  the  limestone.  Its  ore  minerals, 
to  judge  from  specimens  on  the  dmnp,  were  chiefly  pyrite  and  chalco- 
pyrite  in  a  gangue  of  quartz  and  barite.  The  gold  content  is  said  to 
have  been  imusually  high,  ranging  from  $20  to  $80  or  more  to  the  ton. 
The  third  vein  strikes  N.  40*^  E.  in  Cambrian  limestone,  but  is  said  to 
pinch  on  reaching  and  following  a  porphyry  dike.  Specimens  of  its 
ore  consist  of  pyrite,  a  little  chalcopyrite,  zinc  blende,  galena,  and 
jamesonite  in  a  gangue  of  quartz,  barite,  and  a  little  ferruginous 
dolomite.  A  fourth  vein,  too  small  at  its  outcrop  to  be  of  much 
promise,  strikes  N.  45°  E.  in  Cambrian  limestone  and  consists  mostly 
of  galena  in  a  gangue  of  dolomite  spar.  This  group  of  veins  differs 
from  those  already  described  in  the  prominence  of  chalcopyrite  and  in 
a  corresponding  high  gold  content.  Their  mineral  and  chemical  com- 
position, however,  show  them  to  be  closely  related  to  the  other  ore 
bodies  of  the  region,  and  there  is  every  reason  to  believe  that  they 
were  formed  at  the  same  time. 

Another  source  of  ore  on  the  Live  Yankee  property  has  been  the 
glacial  drift  in  the  gulch,  from  which  bowlders  of  galena  ore  have 
been  washed.  It  is  said  that  in  some  of  the  bowlders  quartzite  was 
attached  to  the  ore,  and  this  may  indicate  a  westward  continuation 
of  the  N.  85°  W.  vein,  or  possibly  another  vein  concealed  a  short  dis- 
tance up  the  gulch. 

A  strong  vein  is  being  worked  in  the  Pacific  (Blue  Rock)  mine, 
just  south  of  the  southward  bend  in  the  American  Fork  canyon. 
The  vein  strikes  N.  45°  E.  in  Cambrian  quartzite  and  at  one  place 
has  a  horizontal  offset  of  18  feet  along  a  N.  70°  W.  fault.  It  is  4 
to  8  feet  in  width  and  has  been  followed  horizontally  for  about  450 
feet,  being  worked  through  the  lower  tunnel  of  the  mine.  Below 
the  tunnel  its  dip  is  60°  NW.  Above  the  tunnel  the  dip  flattens  and 
the  vein  narrows  upward  until  it  coincides  with  a  bedding  plane  at  or 
near  the  shale  contact.  In  the  southern  part  of  the  mine  the  ore  is 
continuous  from  the  shale  contact,  130  feet  up  the  dip  from  the  tun- 
nel, to  and  beyond  the  lowest  workings,  70  feet  down  the  dip  from 
the  tunnel.  The  pay  ore  pinches  northward  as  well  as  upward.  The 
ore  consists  of  galena  and  pyrite  in  a  gangue  of  quartz  and  barite. 
The  galena  diminishes  upward,  and  near  the  shale  contact  granular 
pyrite  is  the  only  ore  mineral.  The  barite  tends  to  be  localized  in 
lenticular  shoots.  The  ore  is  in  part  milling  ore  and  in  part  of 
shipping  grade.  The  other  workings  of  the  Pacific  mine  have  found 
showings  of  ore  but  were  inaccessible  in  1912. 

The  main  vein  of  the  Utah  Centennial  property,  southeast  of 
Pittsburg  Lake,  trends  about  east  and  shows  some  lead  ore  at  the 
outcrop.  In  1912  two  tunnels  were  being  driven  to  reach  this  vein. 
The  eastern  tunnel  starts  in  quartzite  at  the  upper  road  in  a  north- 
northeast  direction  and  follows  a  narrow  vein  of  white  quartz  with 
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some  pyrite  and  a  few  small  pockets  of  galena.    The  tunnel  had 
penetrated  the  shale,  in  which  the  quartz  of  the  vein  has  largely 
disappeared  and  dolomite  and  barite  have  become  conspicuous. 
Huntley  ^  describes  the  Wild  Dutchman  mine  as  follows : 

The  wild  Dutchman  mine  Is  a  quarter  of  a  mile  east  of  Forest  City.  It  was 
discovered  In  1872  and  sold  to  the  Omaha  Smelting  &  Refining  Co.  of  Nebraska, 
who  worked  it  until  September,  1876,  when  It  was  leased.  •  •  •  The  ore- 
bearing  formation  Is  a  bedded  vein,  from  3  to  40  feet  (average,  20  feet)  wide. 
In  dolomite,  dipping  40°  SE.  This  has  been  worked  300  feet  In  length  and  450 
feet  In  depth.  The  gangue  in  general  consists  of  from  2  to  3  feet  of  shale 
upon  the  footwall  and  a  soft  clay  containing  fragments  of  silica,  and  strongly 
stained  by  oxide  of  iron,  locally  known  as  "lime  porphyry."  The  ore  occurs 
in  scattered  egg-shaped  bunches  of  from  a  few  pounds  to  600  tons.  Five  large 
bodies  have  been  found,  one  20  feet  from  the  surface,  one  300  feet  from  the 
surface,  and  the  others  between  these.  The  ore  is  the  usual  ochery  carbonate 
of  lead  found  In  a  lime  formation  and  contains  small  amounts  of  heavy  spar. 
At  the  water  line,  In  the  450-foot  tunnel  level,  a  large  body  of  base  ore  wa.s 
found.  This  consisted  of  Iron  and  copper  pyrites,  galena,  and  a  very  large 
percentage  of  zinc  blende.  A  porphyry  dike  Is  said  to  cut  through  the  foot- 
wall  Into  the  vein  near  the  large  bodies  of  ore.  The  mine  is  opened  by  seven 
working  tunnels  from  the  hillsides  at  various  levels.  The  total  cuttings  are 
3,500  feet.  The  lessees  obtained  2,880  tons  by  work  similar  to  that  which  was 
being  carried  on  at  the  Miller.  The  total  product  of  the  mine  is  estimated  at 
7,900  tons,  averaging  45  ounces  silver  and  40  per  cent  lead. 

The  principal  vein  of  the  Dutchman  mine,  seen  in  1912,  is  in  Cam- 
brian limestone.  It  strikes  N.  40°  E.  and  dips  vertically  or  steeply 
southeastward.  Its  width  ranges  from  a  mere  streak  up  to  6  or  8 
feet.  Its  greatest  width  is  attained  in  a  dark-blue  limestone  which 
overlies  the  lowest  argillaceous  limestone  member  of  the  Cambrian 
limestone.  The  vein,  for  most  of  its  course,  lies  along  the  contact  of 
a  narrow  porphyry  dike.  It  ends  abruptly  on  the  northeast  against 
a  dense,  blocky  argillaceous  limestone,  which  probably  marks  a  north- 
westerly fault,  but  could  not  be  studied  closely. 

A  minor  vein  parallels  the  main  vein.  Both  have  been  followed  up 
to  the  cemented  talus  which  caps  the  bedrock,  and  several  masses  of 
ore  are  said  to  have  been  found  in  the  talus.  The  ore  mined  from 
both  veins  is  mostly  a  sandy  mixed  lead  and  zinc  carbonate.  That 
mined  by  lessees  in  recent  years  is  said  to  average  about  30  per  cent 
of  lead,  9  to  17  per  cent  of  zinc,  and  50  ounces  of  silver  to  the  ton. 
Remnants  of  primary  ore  are  composed  of  galena  and  blende  in  a 
barite  and  carbonate  gangue.    Quartz  is  inconspicuous. 

The  best  showings  of  ore  recently  reported  in  the  Bay  State  mine, 
about  midway  between  the  Dutchman  and  Pacific  mines,  but  on  the 
east  side  of  the  canyon,  had  not  been  found  in  1912.  In  that  year  a 
few  small  prospect  tunnels  showed  small  amounts  of  galena  and 
barite  impregnating  a  rather  light  gray  limestone,  and  one  showed  an 

1  Huntley,  D.  B.,  op.  cit,  pp.  444-445. 
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interesting  occurrence  of  stibnite.  The  stibnite,  accompanied  by 
barite  and  a  little  dolomite,  forms  small  seams  or  stringers  cutting 
both  the  limestone  and  a  porphyry  dike.  Both  the  limestone  and 
the  dike  are  altered  and  have  a  sericitized  appearance.  The  stib- 
nite is  partly  altered  to  kermesite,  the  oxysulphide  of  antimony 
(2Sb2S,.Sb308),  which  occurs  in  tufts  of  minute  red  prismatic  crys- 
tals and  probably  accounts  for  all  the  red  staining  along  the  stibnite 
seams. 

BEDDED  DEPOSITS. 
LITTLS  COTTOVWOOD  DI8TBZ0T. 

The  bedded  deposits  have  been  the  most  productive  of  all  the  types 
in  the  Little  Cottonwood  district,  and  most  of  the  '^bonanza''  de- 
posits that  made  the  district  famous  in  the  early  days  were  of  this 
type.  Typically  these  deposits  occur  as  replacements  of  certain  beds 
of  the  sedimentary  rocks  adjacent  to  crosscutting  fissures.  The 
deposits  are  thus  more  or  less  tabular  in  form,  are  as  a  whole  parallel 
with  the  bedding  of  the  sedimentary  rocks,  and  pitch  with  the  inter- 
section of  the  replaced  bedding  and  the  fissures  commonly  to  the 
northeast.  Where  the  replacement  has  extended  but  a  short  distance 
from  the  fissures  the  deposits  have  more  nearly  the  form  of  "  chim- 
neys "  than  of  tabular  deposits.  In  some  places  similar  deposits  have 
formed  adjacent  to  faults  whose  dip  and  strike  do  not  differ  greatly 
from  those  of  the  sedimentary  rocks.  Such  deposits  occur  notably 
next  to  the  overthrust  fault  in  the  western  part  of  the  district.  Like 
the  true  bedded  deposits,  they  are  associated  with  the  northeasterly 
fissures  and  have  the  same  general  form.  The  location  of  the  de- 
posits, however,  is  probably  due  in  part  at  least  to  the  character  of 
the  rocks  that  has  resulted  from  the  movement  along  the  overthrust 
fault  plane. 

Most  of  the  deposits  are  oxidized  to  the  depth  to  which  they  have 
been  mined,  and  it  is  not  possible  to  determine  the  original  replace- 
ment minerals  except  by  scattered  remnants  of  unaltered  material. 
Some  deposits  that  consist  largely  of  sulphide  have  been  developed, 
notably  in  the  Columbus  Consolidated  mine.  The  original  minerals 
recognized  are  pyrite,  galena,  sphalerite,  and  tetrahedrite  in  a  gangue 
of  quartz  and  unreplaced  carbonate.  Sericitic  muscovite  also  is  a 
common  gangue  mineral  in  the  bedded  as  well  as  in  the  fissure  de- 
posits and  is  prominent  both  in  limestone  and  shaly  beds  and  in 
"  porphyry." 

From  a  bed  in  the  shale  series  near  the  Columbus  Consolidated 
mine,  specimens  were  collected  on  the  surface  that  showed  green  am- 
phibole,  epidote,  and  quartz,  together  with  pyrite  apparently  replac- 
ing a  dolomitic  member  in  the  shale  series,  but  similar  replacement  by 
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the  silicates  was  not  noted  under{;round.  A  specimen  of  tetrahedrite 
from  the  Columbus  Consolidated  mine  was  examined  by  R.  C.  Wells 
in  the  chemical  laboratory  of  the  Geological  Survey  and  found  to 
contain  6.24  per  cent  of  lead,  together  with  arsenic,  as  well  as  anti- 
mony. In  the  material  examined  no  lead  mineral  other  than  the 
tetrahedrite  was  recognized,  and  it  is  believed  that  the  lead  is  con- 
tained in  that  mineral.  Whether  or  not  the  tetrahedrite  of  the  dis- 
trict carries  lead  generally  or  only  at  certain  localities  has  not  been 
determined.  Specimens  of  supposed  tetrahedrite  from  the  neighbor- 
ing Park  City  district  have  been  shown  by  F.  R.  Van  Horn  ^  to  con- 
tain notable  amounts  of  lead.  It  has  already  been  noted  that  tetra- 
hedrite froni  the  Cardiff  mine  and  from  the  Park  City  district  con- 
tains zinc  in  notable  amounts.  Probably  other  minerals  are  present 
in  the  primary  ores,  but  they  were  not  recognized  in  the  small  number 
of  specimens  collected. 

As  already  noted,  most  of  the  deposits  have  been  oxidized  to  the 
depth  to  which  they  have  been  developed.  In  numerous  places  oxida- 
tion has  extended  far  below  the  level  of  ground  water,  though  it  has 
not  been  demonstrated  to  have  gone  below  the  zone  of  surface  drain- 
age, as  the  deep  canyons  permit  circulation  to  great  depth  in  many  of 
the  veins  that  crop  out  at  the  higher  elevations.  The  typical  oxidized 
ore  consists  of  hydrous  iron  oxides,  with  the  carbonate  and  sulphate 
of  lead,  cerusite  and  anglesite,  and  the  carbonates  of  copper  in  vary- 
ing amounts,  and  usually  contains  manganese  oxide. 

At  the  time  of  visit  oxidized  ore  that  was  being  mined  from  the 
"  white  limestone  "  in  the  Alta  Consolidated  mine  contained  a  large 
percentage  of  an  undetermined  ferric  sulphate  of  lead  and  copper. 
This  is  a  yellow  earthy  mineral  that  can  usually  be  crushed  in  the 
fingers,  though  some  of  it  forms  rather  hard  lumps.  Such  lumps 
may  have  a  core  of  galena.  The  mineral  has  not  been  quantitatively 
analyzed,  but  in  appearance  and  constituents  it  resembles  beaverite 
and  may  prove  to  be  that  mineral.  One  of  the  massive  pieces  of  this 
ore  was  sectioned  and  found  to  have  a  core  of  galena.  Surrounding 
the  galena  and  extending  inward  along  cleavage  planes  is  a  narrow 
zone  of  anglesite  which  gives  place  outward  to  the  yellow  mineral 
with  specks  of  green,  possibly  malachite.  It  is  evident  that  in  this 
specimen  the  mineral  has  not  resulted  from  the  oxidation  of  a  mix- 
ture of  iron,  lead,  and  copper  sulphides,  but  that  the  galena  has  first 
altered  to  sulphate  and  this  has  subsequently  combined  with  iron  and 
possibly  copper  that  has  been  brought  to  it  in  solution.  To  what 
extent  minerals  of  this  character  were  present  in  the  large  oxidized 
bodies  of  this  district  is  not  known,  but  it  does  not  seem  probable  that 
they  were  confined  to  this  one  deposit. 


1  06ol.  Soc.  America  Bolt,  vol.  26,  p.  47,  1914. 
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Wulfenite,  the  molybdate  of  lead,  is  rather  abundant  in  the  City 
Rocks  vein  and  in  some  of  the  ores  from  the  Alta  Consolidated  mine 
and  is  reported  from  other  mines.  It  is  also  reported  that  the  ores 
contain  vanadimn,^  but  no  vanadium-bearing  mineral  was  recognized. 
Carbonate  and  silicate  of  zinc  have  been  recognized  in  the  oxidized 
ores  of  the  district,  but  nowhere  in  abundance.  Sphalerite  is  rather 
plentiful  in  some  of  the  sulphide  ores,  and  it  is  to  be  expected  that  the 
oxidized  ores  of  zinc  will  be  found,  but  whether  they  are  anywhere 
present  in  commercial  quantities  is  as  yet  unknown. 

The  ore  body  of  the  Emma  mine  was  one  of  the  earliest  discoveries^ 
and  the  mine  has  been  one  of  the  largest  producers  in  the  district. 
It  was  located  in  1868.  From  1870  to  1875  it  was  a  large  producer 
of  lead  and  silver,  and  until  the  early  eighties  it  continued  to  produce 
intermittently,  but  for  many  years  little  work  has  been  done  on  the 
property.  The  mine  is  in  the  '^ great  limestone"  series  and  the 
deposits  are  supposed  to.be  in  the  same  strata  as  the  Flagstaff  and 
other  important  deposits  of  the  district.  This  limestone  is  cut  by  a 
strong  easterly  fissure  and  the  ores  are  said  to  occur  as  bedded  de- 
posits adjacent  to  this  fissure.  No  examination  of  the  underground 
workings  was  made,  but  the  following  description  of  the  ore  bodies 
by  Huntley  *  is  believed  to  be  essentially  correct : 

The  ore-bearing  formation  is  a  belt  of  siliceous  limestone,  between  a  lime- 
stone hanging  and  a  dolomite  foot  wall,  the  belt  being  about  200  feet  wide,  dip- 
ping 45 **  NE.,  paraUel  to  the  stratification  of  the  country  roclE.  The  ore  did 
not  come  to  the  surface,  but  was  found  by  following  a  small  seam  of  ocher  50 
feet  in  a  tunnel.  Two  large  bodies  were  found  somewhat  nearer  to  the  hanging 
than  to  the  foot  wall,  following  the  general  dip  and  strilce  of  the  belt.  One 
began  near  the  surface  and  was  100  feet  deep,  300  feet  long,  and  from  1  to  90 
feet  wide ;  and  the  other,  a  few  feet  below  the  first,  was  200  feet  long,  150  feet 
deep,  and  from  1  to  20  feet  wide.  The  ore  was  a  soft  brownish-red  ocher,  con- 
taining cerusite,  anglesite,  galena,  and  some  manganese  oxide. 

In  1872  Raymond '  described  the  Emma  mine  as  follows : 

The  Emma  mine  is  one  of  the  mo.st  remarkable  deposits  of  argentiferous  ore 
ever  opened.  Without  any  well-marked  outcroppings,  there  was  nothing  upon 
the  surface  to  indicate  the  presence  of  such  a  mass  of  ore  except  a  slight  dis- 
coloration of  the  limestone  and  a  few  ferruginous  streaks  visible  in  the  face 
of  a  cut  made  for  starting  the  shaft.  Some  of  the  earliest  locators  in  the  canyon 
assert,  however,  that  In  the  little  ravines  below  this  shaft  large  masses  of 
galena,  some  weighing  over  100  pounds,  were  found  upon  the  .surface  and  in  the 
soil.  After  the  discovery  of  the  deposit  by  means  of  the  shaft  a  tunnel  was 
run  in  so  as  to  intersect  it  in  depth.  This  tunnel  extends  in  a  northwesterly 
direction  and  is  865  feet  long.  It  intersects  the  ore  mass  where  it  was  about  60 
feet  long  and  40  feet  wide,  measured  horizontally.    From  this  level,  caUed  the 

1  HeM,  F.  L.,  Wulfenite  at  Alta,  Utah  :  U.  S.  Oeol.  Survey  Bull.  340,  p.  240,  1908. 
>  Huntley,  D.  B.»  op.  cit.,  p.  423 

*  Raymond.  R.  W.,  Statistics  of  mines  and  mining  in  the  States  and  Territories  west  of 
the  Rocky  Mountains  for  1871,  p.  321,  1872. 
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first  floor,  ore  has  been  mined  above  and  below  until  an  excavation  or  chamber 
has  been  formed,  varying  from  ^  to  50  feet  in  width  and  from  50  to  70  in 
length  and  77  in  height  above  the  tunnel  level  and  50  in  depth  below. 

In  August  last  a  portion  of  the  ore  below  the  tunnel  level  was  still  standing, 
but  the  mine  had  produced  from  10,000  to  12,000  tons  of  ore,  assaying  from  100 
to  216  ounces  of  silver  per  ton  of  2,000  pounds  and  from  80  to  66  per  cent  of 
lead,  averaging  about  160  ounces  of  silver  and  from  45  to  50  per  cent  of  lead. 
The  total  value  of  this  ore,  at  the  cash  price  paid  for  a  large  part  of  it  in 
Liverpool,  £36,  or  $175  in  round  numbers,  was  about  $2,000,000. 

This  ore  was  extracted  at  comparatively  little  cost.  Most  of  it  was  stoped 
from  below  upward  and  was  delivered  by  chutes  into  the  cars  upon  the  tram- 
way laid  in  the  tunnel.  In  general  the  ore  was  soft  and  easily  excavated  by 
picks  and  shovels,  without  the  aid  of  gunpowder.  It  consisted  chiefly  of  ferru- 
ginous and  earthy-looking  mixtures  of  carbonate  and  oxide  of  lead,  oxide  of 
iron,  and  of  antimony,  mixed  with  nodules  of  galena.  It  appears  to  have 
resulted  from  the  decomposition  of  argentiferous  galena  and  other  sulphureted 
and  antimonial  minerals  containing  silver.  The  ore  may  be  said  to  be  without 
gangue  and  does  not  require  hand  sorting  or  separating  by  mechanical  means 
from  worthless  vein  stone.  This  ore  was  shoveled  up  and  put  into  saclcs  for 
shipment  without  any  other  delay  or  expense.  The  larger  part  was  shipped 
overland  by  railroad  to  New  York,  and  thence  by  steamer  to  Liverpool. 

The  walls  of  the  excavation  are  very  Irregular  but  consist  of  a  hard,  white, 
dolomitic  limestone.  The  ore  mass  appears  to  conform  to  the  stratification 
and  to  have  a  general  northwesterly  direction,  dipping  to  the  northeast.  The 
extent  of  the  ore  mass  In  the  direction  of  its  length  had  not  been  fully  ascer- 
tained at  some  of  the  levels  when  I  visited  the  mine  In  July,  though  in  most 
of  the  floors  It  had  all  been  taken  out,  and  the  form  of  the  excavation  may  be 
taken  as  marking  in  a  general  way  the  limits  of  the  main  body.  A  peculiar 
brecciated  mass  of  dolomitic  limestone  accompanies  the  ore  and  may  be  re- 
garded as  vein  matter,  for  nodules  of  galena  are  found  isolated  in  its  midst,  as 
well  as  small  patches  of  soft  earthy  ore  disconnected  with  the  main  body. 
The  limits  of  this  ore-bearing  breccia  are  not  yet  ascertained,  and  prospecting 
drifts  to  the  northwest  along  Its  course  may  reach  other  bodies  of  rich  ore. 

Baymond^  quotes  from  a  description  of  the  ores  by  Silliman,  as 
follows: 

Prof.  B.  Silliman,  of  New  Haven,  has  made  some  interesting  investigations 
to  determine  the  composition  of  the  ores  occurring  in  Uie  Wasatch  Range,  and 
more  particularly  of  those  in  the  Emma.  With  his  permission,  I  insert  here 
his  remarks  on  the  subject : 

"The  ores  of  the  mines  thus  far  opened  in  the  Wasatch  Mountains  are 
largely  composed  of  species  resulting  from  the  oxidation  of  sulphides,  especially 
galenite  and  antimonial  galena,  with  some  salts  of  zinc  and  copper,  all  contain- 
ing silver  and  rarely  a  little  gold.  Iron  and  manganese  ochers  occur  in  con- 
siderable quantity  in  some  of  them,  but  the  process  of  oxidation  has  prevailed 
very  extensively,  so  that  the  ochraceous  character  of  the  ores  is  the  striking 
feature  of  most  of  the  mines  in  this  range. 

"The  great  chamber  of  the  Emma  mine  ♦  ♦  ♦  was  found  to  be  filled 
almost  exclusively  with  epigene  species,  the  product  of  oxidation  of  sulphides, 
and  capable  of  removal  without  the  aid  of  gunpowder  for  the  most  part.  The 
study  of  this  mass  reveals  the  interesting  fact  that  it  is  very  largely  composed 
of  metallic  oxides,  with  but  comparatively  small  proportions  of  carbonates  and 

1  RaymoDil.  R.  W.,  op.  cit..  p.  325. 
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sulphates.  Fortunately  I  am  able  to  present  an  analysis  of  an  average  sample 
of  82  tons  (183,080  pounds)  of  first-class  ore  from  the  Emma  mine,  made  by 
James  P.  Merry,  of  Swansea,  April,  1871,  which  is  as  follows,  viz : 

Silica 4a90 

Lead 34.14 

Sulphur 2.37 

Antimony 2.27 

Copper .83 

Zinc - 2.92 

Manganese .15 

Iron 3.  54 

Silver _._.       -      .48 

Alumina .35 

Magnesia .25 

Lime .72 

Carbonic  acid 1.60 


90.42 
Oxygen  and  water  by  difference 9. 58 


100.00 


"  The  quantity  of  silver  obtained  from  this  lot  of  ore  was  156  troy  ounces  to 
the  gross  ton  of  2,240  pounds. 

"  This  analysis  sheds  important  light  on  the  chemical  history  of  this  remark- 
able metallic  deposit  and  will  aid  us  in  the  study  of  the  paragenesis  of  the 
derived  species.  It  Is  pretty  certain  that  all  the  heavy  metals  have  existed 
originally  as  sulphides,  and  we  may,  therefore,  state  the  analysis  thus,  allowing 
8.52  sulphur  to  convert  the  heavy  metals  to  this  state : 

Silica 40.90 

Metallic  sulphides 52.60 

Al,  .35;  fig,  .25;  Ca,  72;  Hn.;  Mn,  .20 1.52 


95.02 

Water,  carbonic  acid,  and  loss 4.95 

'*  This  calculation  assumes  that  the  sulphides  are  as  follows,  viz : 

Galenite _-_     38.69 

Stibnite --   -     -    3.30 

Bornlte 1.03 

Sphalerite  (blende)-  .     3.62 

Pyrite 5. 42 

Argentite .54 


52.60 


*'  This  statement  excludes  the  presence  of  any  other  gangue  than  silica,  and 
considering  that  the  ores  exist  in  limestone,  the  almost  total  absence  of  lime 
in  the  composition  of  the  average  mass  is  certainly  remarkable.  The  amount 
of  silica  found  is  noticeable,  since  quartz  is  not  seen  as  such  in  this  great  ore 
chamber  nor,  so  far  as  I  could  find,  in  other  parts  of  the  mine.  The  silica  can 
have  existed  in  chemical  combination  only  in  the  most  inconsiderable  quantity, 
since  the  bases  with  which  it  could  have  combined  are  present  to  tne  exient 
pf  less  than  1}  per  cent;  nor  do  we  find  In  the  mine  any  noticeable  quantity 


214         CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1915,  PAET  I, 

of  kaolin  or  Uthomarge,  resulting  from  the  decomposition  of  silicates,  nor  are 
there  any  feldspathic  minerals.  It  is  most  probable  that  the  silica  existed  In 
a  state  of  minute  subdivision  diffused  in  the  sulphides,  as  I  have  seen  it  in 
some  of  the  unchanged  silver  ores  of  Lion  Hill,  in  the  Oquirrh  Range. 

"  The  absence  of  chlorine  and  of  phosphoric  acid  in  the  analysis  corresponds 
well  with  absence  of  the  species  cerargyrite  and  pyromorphite,  of  which  no 
trace  could  be  found  by  the  most  careful  search  among  the  contents  of  the  mine. 
The  miners  speak  of  the  'chlorides,'  and  the  unscientific  observers  have  re- 
fieated  the  statement  that  silver  chloride  is  found  in  the  Emma  mine,  but  the 
ores  indicated  to  me  as  such  are  chiefly  antimonic  ochers.^ 

"The  general  (perhaps  total)  absence  of  the  phosphates  of  lead  in  the 
Wasatch  and  Oquirrh  mountains,  so  far  as  explored,  is  a  striking  peculiarity 
of  the  mineralogy  of  these  ranges.  On  the  other  hand,  the  absence  of  chlorine 
in  the  mines  of  the  two  Cotton  woods  and  the  American  Fork  is  in  striking 
contrast  with  the  constant  occurrence  of  cerargyrite  (horn  silver)  in  the 
Oquirrh  and  also  in  the  southern  extension  of  the  Wasatch.  I  have  sought  in 
vain  for  a  trace  of  this  species  in  the  districts  of  the  Wasatch  Just  named,  and 
the  occurrence  of  pyromorphite  is  extremely  doubtful: 

"  Molybdic  acid,  however,  exists  pretty  uniformly  disseminated  in  the  mines 
of  the  Wasatch  in  the  form  of  wulfenlte.  Although  it  occurs  in  minute  quan- 
tity, it  is  rarely  absent,  and  may  be  regarded  as  a  mineralogical  characteristic 
of  the  districts  of  the  two  C!k)ttonwoods  and  of  the  American  Fork.  For  this 
reason  a  few  particulars  will  be  in  place  here. 

"Wulfenite  is  found  associated  with  calamine  (smithsonite),  cerusite,  mal- 
achite, azurite,  and  more  rarely  alone  in  little  cavities  in  the  ochraceous  ores. 
In  the  Emma  mine  vugs  or  geodes  are  occasionally  found  lined  with  botryoidal 
tipple-green  calamine,  rarely  crystallized,  often  brownish  and  sometimes  color- 
less, but  invariably  associated  with  wulfenlte.  The  calamine  incloses  and 
covers  the  crystals  of  wulfenlte,  which  form  a  lining  of  considerable  thickness. 
The  wulfenlte  is  in  thin  tabular  crystals  of  a  yellow  color,  resembling  the 
Carinthian  variety  of  this  species.  The  crystals  are  very  brilliant  and  perfect, 
but  quite  minute,  rarely  2  or  3  millimeters  in  width  and  not  over  1  millimeter 
in  thickness,  often  less.  They  are  quite  abundant  in  this  association,  no  piece 
of  the  calamine  which  I  have  seen  being  without  them.  They  sometimes  but 
rarely  penetrate  through  the  globules  of  the  calamine  so  as  to  show  themselves 
on  the  upper  surface  of  that  species.  But  the  calamine  has  obviously  formed 
botryoidal  masses  around  the  wulfenlte,  a  crystal  of  this  species  being  often 
seen  forming  the  nucleus  of  the  calamine  globules. 

"  These  facts  are  of  interest  in  the  paragenesls  of  these  epigene  species.  The 
order  of  production  has  obviously  been,  first,  the  cerusite  resting  on  ochraceous 
iron,  manganese,  and  other  metallic  oxides;  next,  the  wulfenlte  crystals  were 
deposited  upon  and  among  the  crystals  of  cerusite;  and  lastly  came  the  cala- 
mine, crystalline  at  first  and  as  it  accumulated  becoming  fibrous  and  amorphous, 
completely  inclosing  and  capping  the  other  species. 

"  Wulfenlte  occurs  also  in  this  mine,  as  likewise  in  the  Flagstaff,  the  Savage, 
and  Robert  Emmet,  without  the  calamine,  but  never,  as  far  as  observed,  with- 
out cerusite  and  other  carbonates.  In  the  Savage  masses  of  cerusite,  with 
vario\is  oxides,  are  interpenetrated  by  the  tabular  crystals  of  wulfenlte. 

^  There  exists  generally  among  the  mining  population  of  the  central  Territories  of  the 
United  States  a  distinction  between  horn  silver  and  chloride  of  silver — an  error  arising, 
as  I  am  persuaded,  from  supposing  the  ochraceous  ores  to  be  chlorides  not  so  perfectly 
developed  as  to  be  sectil^, 
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"Although  wulfenite  forms  a  very  minute  factor  of  the  entire  ore  mass  in 
these  mines,  by  the  law  of  mineral  association  it  may  be  considered  as  the 
characteristic  species  of  the  ores  of  these  districts,  occurring  in  the  magnesian 
limestones.  So  far  as  I  am  informed  or  have  observed,  wulfenite  has  not  been 
hitherto  found  in  any  of  the  other  mining  districts  of  Utah ;  but  by  the  same 
law  it  may  be  reasonably  looked  for  whenever  deposits  of  eplgene  minerals 
are  explored  in  the  same  geological  and  mineralogical  relations  In  the  Wasatch 
Uange  of  mountains. 

"The  oxidizing  and  desulphurizing  agency  which  has  acted  upon  the  great 
ore  mass  of  the  Emma  mine,  whatever  It  was,  has  performed  its  work  with  re- 
markable thoroughness.  A  careful  study  of  its  action  discloses  some  other  facts 
of  interest  in  the  paragenesis  of  species.  From  the  appearance  of  numerous 
large  blocks  of  ore,  forming  solid  bowlders  in  the  general  mass,  a  concentric 
arrangement  is  easily  recognized.  On  breaking  these  masses  across,  the  fresh 
fractures  disclose  a  dark  center  which  consists  almost  entirely  of  decomposed 
sulphides,  composeil  chiefly  of  cerusite  blackened  by  argentite  and  metallic 
silver  in  u  pulverulent  form.  This  dark  center,  chiefly  of  cerusite,  is  often 
pseudomorph  of  galenlte  in  its  fracture.  Next  is  usually  a  zone  of  yellowish 
and  orange-yellow  antimonial  ocher,  cervantite,  often  quite  pulverulent,  at  times 
only  staining  the  cerusite ;  then  follows  a  narrow  zone  of  green  and  blue  copper 
salts,  malachite,  azurite,  cupreous  angleslte,  with,  rarely,  >vulfenlte ;  then  follows 
cerusite,  sometimes  stained  with  antimony  ocher,  and  not  unfrequently  asso- 
ciated with  wulfenite;  outside  all  are  the  iron  and  manganese  ochers.  This 
concentric  arrangement  I  have  observed  in  a  great  number  of  cases;  and  the 
above  order  of  species,  while  not  invariable,  is  believed  to  reflect  accurately  the 
general  arrangement.  Well-crystallized  species,  as  mineralogical  specimens,  are 
rare  in  this  great  mass ;  but  the  following  may  be  recognized  as  its  chief  com- 
ponents: Oalenit€f  sphalerite,  pyrlte,  jamesonite  (?),  argentite,  stephanite, 
boulangerite  (?),  antimonial  galenite,  cervantite,  mimetlte  (?),  llmonite,  wad, 
kaolin,  lithomarge,  cerusite,  angleslte,  llnarite,  wulfenite,  azurite,  malachite, 
smithaonite.  Those  most  abundant  or  best  crystallized  are  in  italics.  This  list 
can  no  doubt  be  extended  as  opportunity  occurs  for  the  more  careful  study  of 
the  ores,  the  great  mass  of  which,  amounting  to  many  thousand  tons,  have  gone 
into  commerce  without  passing  under  any  mineralogical  eye." 

After  the  exhaustion  of  the  main  ore  bodies  extensive  prospecting 
was  carried  on,  but  with  unsatisfactory  results. 

The  Flagstaff  mine  was  located  and  worked  about  the  same  time 
as  the  Emma  and,  like  that,  has  long  been  idle.  Huntley  ^  gives  the 
following  description  of  the  deposit : 

The  formation  is  the  same  mineral  belt  as  the  Emma.  Ore  came  to  the  sur- 
face in  one  spot,  and,  following  this  Indication  a  short  distance,  the  discoverers 
came  to  the  first  and  largest  body.  It  was  400  feet  long  and  500  feet  deep,  ex- 
treme dimensions,  and  3  feet  wide.  Some  20  or  30  other  large-sized  bodies  were 
found,  in  all  shapes  and  positions,  usually  near  the  hanging  wall  and  invariably 
connected  with  one  another  by  a  small  seam  of  ore  or  ocher.  One  body  upon 
the  footwall  was  joined  to  another  near  the  hanging  wall  by  a  pipe  of  galena 
the  size  of  a  lead  pencil. 

The  Vallejo  and  North  Star  claims  are  between  the  Flagstaff  and 

Emma  mines,  but  the  occurrence  of  the  ores  seems  to  be  somewhat 

_  — , — — —^ ■  —       ■  - — •<• 

1  Hiwtley,  D.  B,,  op.  dt.,  p.  423, 
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different.    Huntley*    gives   the   following   description   of   the    ore 
bodies : 

The  ore  Is  found  in  irregular  shoots  or  pipes  near  the  hanging  wall.  Three 
bodies  began  near  the  grass  roots,  and  others  were  found  as  depth  was  attained. 
At  the  period  under  review  there  were  10  shoots  having  a  triangular  or  lenticu- 
lar cross  section  and  a  uniform  dip  SE.  80".  These  were  from  20  to  100  feet 
apart  and  lay  almost  at  right  angles  to  the  strike  of  the  belt.  The  largest  was 
150  feet  long,  extreme  dimensions  from  6  inches  to  10  feet  wide,  and  had  been 
followed  300  feet  deep. 

The  rock  formations  in  the  Columbus  Consolidated  ground  (now 
Wasatch  mines)  consist  of  the  quartzite,  the  'Mower  white  lime- 
stone," the  Cambrian  shale  series,  and  some  of  the  upper  limestone 
series,  together  with  granite  prophyry  dikes.  The  great  overthrust 
fault  of  the  district  passes  through  the  area  and  has  cut  off  the  lower 
portion  of  the  great  limestone  series  and  formed  the  "lower  lime- 
stone," while  the  Cambrian  shale  and  quartzite  have  overridden  this 
faulted  portion.  The  rocks  are  also  cut  by  several  easterly  fissures, 
one  of  the  most  prominent  being  the  Braine  fissure,  which  is  con- 
nected with  some  of  the  largest  bodies  of  ore  thus  far  developed  in 
the  mine.  The  ore  occurs  both  in  fissure  deposits  and  in  bedded 
deposits,  the  latter  being  the  more  abundant.  The  bedded  deposits 
occur  where  the  easterly  fissures  cut  certain  sedimentary  beds  that 
appear  to  be  especially  susceptible  to  replacement.  The  trend  of 
the  deposits  roughly  follows  the  intersection  of  the  bedding  and 
the  fissure,  replacement  extending  to  variable  distances  from  the 
fissures. 

Some  of  the  larger  deposits  have  been  found  near  the  contact  of 
the  "white  limestone"  with  the  underlying  beds.  There  have  also 
been  important  deposits  in  the  shale  series,  apparently  formed  by 
replacement  of  a  mottled  blue  and  white  calcareous  member  of  the 
&>eries.  Other  deposits  occur  at  the  contact  of  the  "  white  limestone  " 
with  the  overlying  shale.  The  rocks  have  been  broken  and  brec- 
ciated  adjacent  to  the  overthrust  fault,  and  this  has  probably  been  a 
factor  in  rendering  them  especially  susceptible  to  replacement. 

In  the  lower  levels  the  deposits  are  mainly  sulphides,  but  it  is  re- 
ported that  large  bodies  of  oxidized  ores  were  mined  from  the  upper 
levels.  The  principal  metallic  minerals  are  pyrite,  galena,  sphal- 
erite, and  tetrahedrite,  and  the  ores  carry  varying  amounts  of  gold 
and  silver.  A  specimen  of  tetrahedrite  from  this  mine,  as  already 
noted,  was  found  to  contain  several  per  cent  of  lead.  Sphalerite  is 
present  in  most  of  the  ore  but  usually  is  not  abundant.  In  the 
Garfield  fissure  a  body  relatively  rich  in  sphalerite  has  been  found 
but  has  not  been  extensively  developed.     At  the  time  of  visit,  in  1912, 

»  (iDDtlcy,  D.  B.,  op.  clt,  p.  424, 
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most  of  the  ore  taken  out  from  the  lower  levels  was  sulphide  of  mill- 
ing grade,  though  the  mine  has  yielded  much  shipping  ore. 

Bedded  deposits  have  also  been  developed  in  the  Columbus  Ex- 
tension mine,  though  as  yet  they  have  not  been  as  important  as  the 
fissure  deposits  connected  with  the  Toledo  fissure,  which  is  now  in- 
cluded in  that  property. 

The  Alta  Consolidated  mine  is  near  the  head  of  Little  Cottonwood 
Canyon,  a  short  distance  west  of  the  City  Rocks  mine.  The  sedi- 
mentary rocks  consist  of  the  Cambrian  shale  and  the  overlying 
limestone,  and  the  Clayton  Peak  stock  of  quartz  diorite  is  but  a  few 
himdred  feet  to  the  south.  The  Cambrian  shale  at  this  point  is 
considerably  above  the  position  that  is  indicated  by  its  dip  at  the 
outcrop  to  the  west,  on  the  north  side  of  the  canyon,  and  has  ap- 
parently been  elevated  by  the  entrance  of  the  intrusive  material  and 
possibly  by  later  faulting.  The  sedimentary  series  is  cut  by  a 
strong  easterly  fissure  having  the  prevailing  strike  and  dip  for  the 
district. 

The  ore  occurs  both  in  fissure  and  bedded  deposits,  but  the  latter 
have  thus  far  been  the  more  productive.  Deposits  have  been  de- 
veloped in  the  shale  series  (black  lime)  and  near  the  contact  of  the 
shale  and  overlying  limestone.  In  the  shale  the  ore  is  largely  sul- 
phides— ^pyrite,  galena,  tetrahedrite,  and  some  sphalerite.  Quartz 
and  muscovite  (sericite)  are  the  important  gangue  minerals.  In 
the  limestone  the  ores  are  largely  oxidized,  oxides  of  iron  and  man- 
ganese are  abundant,  and  the  principal  valuable  metals  are  lead, 
silver,  and  some  copper.  At  the  time  of  visit  ore  was  being  mined 
that  contained  a  large  percentage  of  a  yellow  earthy  sulphate  of 
iron  and  lead  with  some  copper  resembling  beaverite. 

BIO  OOTTONWOOD  DI8TRI0T. 

The  Prince  of  Wales  and  other  mines  are  just  north  of  the  Little 
Cottonwood  divide  on  Silver  Fork,  a  branch  of  Big  Cottonwood 
Canyon.  Like  many  of  the  other  mines  of  the  district  they  have 
long  been  idle.  The  Prince  of  Wales  mine  is  apparently  several 
hundred  feet  higher  in  the  limestone  series  than  the  Flagstaff  and 
Emma,  and  probably  at  about  the  horizon  of  the  City  Eocks  mine. 
Huntley*  gives  the  following  description  of  the  Prince  of  Wales 
deposits: 

The  ore-bearing  formation  is  said  to  be  a  bedded  vein,  dipping  about  45° 
NW.  in  blue  and  wliite  limestone.  Four  tlistinct  chimneys  or  shoots  of  ore, 
130  feet,  200  feet,  and  260  feet  apart,  have  been  found.  They  occur  where  the 
limestone  is  white,  metamorphic,  and  soft,  while  the  barren  spaces  between 

^  Huntley,  D.  B.,  op.  cit,  p.  428. 
10427°--Bull.  620—16 15 
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these  shoots  contain  the  vein  only  as  a  narrow  seam  in  hard  hlue  limestone. 
These  shoots  outcropped  at  the  surface,  or  were  covered  by  a  few  feet  of  drift, 
as  low-grade,  ocher-stained  seams  of  limestone  and  clay.  Good  ore  was  found 
by  sinking  a  few  feet.  The  Antelope  and  Prince  of  Wales  shoot  is  from  2 
inches  to  4  feet  (average,  12  Inches)  wide,  120  feet  long,  and  has  been  followed 
on  the  dip  1,200  feet.  The  Highland  Chief  shoot  Is  from  2  Inches  to  3  feet 
(average,  8  Inches)  wide,  75  feet  long,  and  800  feet  deep.  The  Wellington 
shoots  are  each  about  from  2i  to  7  feet  (average,  3  feet)  wide,  from  10  to  30 
feet  long,  and  700  feet  deep.  The  ore  from  the  first  assays  about  140  ounces 
silver  and  45  per  cent  lead;  that  from  the  second,  1(X)  ounces  silver  and  40 
per  cent  lead;  and  that  from  the  third  and  fourth,  60  ounces  silver  and  50 
per  cent  lead.  The  ore  is  a  soft  brownish-yellow  ocher,  containing  argentiferous 
cerusite  and  galena  and  occasional  stains  of  oxides  of  manganese  and  copper. 
The  mine  is  opened  by  several  tunnels,  the  main  one  being  2,2(X)  feet  long  and 
running  on  the  vein  entirely  through  the  ridge,  and  a  1,100-foot  incline,  on 
which  there  are  hoisting  works,  on  the  crest  of  the  ridge.  The  cuttings  are 
said  to  be  1,300  feet  In  extent. 

The  large  ore  body  of  the  Cardiff  mine,  opened  by  the  lower  tunnel 
in  October,  1914,  doubtless  belongs  to  the  bedded  type  of  ore  bodies. 
It  lies  in  the  "  lower  limestone  "  below  the  overthrust  and  is  said  to 
be  connected  with  a  mineralized  fissure,  but  it  is  not  known  whether 
or  not  this  fissure  corresponds  to  the  vein  worked  through  the  upper 
tunnel,  300  feet  above  the  lower.  (See  p.  204.)  According  to  the 
latest  information,  the  large  ore  body  has  been  opened  250  feet  along 
the  strike  and  crosscuts  show  a  width  reaching  100  feet  along  the 
dip.  Ore  has  been  followed  more  than  200  feet  above  the  tunnel 
by  raising,  while  a  winze  has  been  sunk  90  feet  below  it.  Shipments 
of  about  90  tons  daily  are  being  made.  Hauling  costs  about  $4  a 
ton.  Up  to  about  August  1, 1915,  shipments  amounted  to  3,420  tons, 
valued  at  $145,350.^  The  ore  contains  silver  and  lead,  with  some 
copper. 

Other  bedded  deposits  in  the  Big  Cottonwood  district,  such  as 
those  in  the  Maxfield,  Reed  and  Benson,  and  Carbonate  (Kessler) 
mines,  were  not  accessible  in  1912,  but  an  idea  of  their  character  may 
be  gained  from  the  following  descriptions  quoted  from  Huntley :  * 

The  Maxfield  Is  situated  a  quarter  of  a  mile  northwest  of  Argenta  and  14 
miles  east  of  Sandy,  In  a  side  ravine,  and  near  the  bed  of  the  main  canyon. 
It  is  owned  by  the  Maxfield  Mining  C5o.,  of  Salt  Lake  City,  Incorporated  In 
March,  1879.  This  company  also  owns  the  extensions  or  parallel  claims  Vlnnle, 
Amanda,  Red  Pine,  T>ier,  and  Falrvlew.  These  are  mostly  patented  but  only 
slightly  developed.  The  Maxfield  is  a  bedded  vein,  from  1  to  8  feet  wide, 
dipping  45*  NE.,  between  strata  of  a  compact  bluish-white  limestone.  The  ore 
occurs  usually  upon  the  footwall,  in  one  chimney  200  feet  long  and  2  feet  wide. 
It  is  a  soft  brown  ochery  carbonate  and  galena,  assaying  from  30  to  100 
ounces.  On  the  hanging  wall  there  was  a  band  of  quartz,  from  3  to  8  Inches 
wide,  containing  galena  and  pyrites.    When  carefully  sorted  this  yields  good  ore. 

1  Bng.  and  Min.  Jour.,  July  24,  1916,  p.  167 ;  Aug.  14,  1915,  p.  291. 
«  Huntley,  D.  B.,  op.  cit,  pp.  427-430. 
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The  mine  is  dry  and  has  been  developed  75  feet  vertically  and  212  feet  hori- 
zontally by  a  tunnel  on  the  vein  from  the  bed  of  the  ravine.  The  total  oiienings 
aggregate  800  feet. 

The  Maxfield  mine  was  worked  up  to  1905,  but  to  what  extent  is 
not  known.  In  1905  it  became  flooded  with  water,  and  extensive 
operations  ceased.  Since  then  lessees  have  produced  some, lead  ore 
each  year. 

The  Heed  and  Benson  mine  is  situated  on  a  spur  of  the  Cottonwood  divide, 
between  Day's  and  South  forks,  11,000  feet  above  sea  level  and  2i  miles  north- 
west of  Alta.  It  was  located  in  1870  and  was  worked  vigorously  from  Septem- 
ber, 1871,  until  April,  1878.  Since  then  it  has  been  idle  or  leased  to  a  very 
limited  extent  This  mine  is  supposed  to  be  upon  the  same  mineral  belt  as  the 
Flagstaff  and  the  Emma.  The  belt  at  this  point  is  about  200  feet  wide.  The 
ore  occurs  in  a  vein  or  chimney  on  the  hanging-wall  side  and  in  about  20 
irregular  lenticular  bodies,  which  branch  at  all  angles  from  the  chimney,  on  its 
footwall  side.  These  do  not,  as  a  rule,  extend  more  than  75  feet  from  the 
main  chimney  and  vary  from  6  inches  to  several  feet  in  width.  One  outcropped 
as  a  low-grade  ocher.  The  largest  is  about  170  feet  from  the  surface.  The 
ore  is  of  the  kind  usually  found  in  this  limestone  formation,  namely,  a  yellow 
and  red  oxide  of  iron  carrying  argentiferous  cerusite  and  galena.  It  is  claimed 
that  the  total  shipments  have  averaged  120  ounces  silver  and  35  per  cent  lead 
per  ton.  The  mine  is  developed  by  a  380-foot  tunnel,  in  which  there  is  a  whim 
on  a  400-foot  incline,  dipping  35*"  NNE.  Bolow  this  there  are  four  windlasses, 
which  carry  the  incline  down  400  or  500  feet  deeper.  In  general  the  mine  may 
be  said  to  have  been  opened  from  the  surface  1,100  feet  on  the  dip  (35° )  by  an 
irregular  incline  following  the  chimney.  Near  the  surfoce  the  ore  extended 
100  feet  and  the  workings  200  feet  horizontally ;  but  In  the  bottom  of  the  incline 
not  over  40  feet  of  drifting  have  been  done.  The  openings  have  a  total  length 
of  1,950  feet. 

The  Ophir  is  a  few  hundred  feet  southwest  of  the  Reed  and  Benson.  ♦  ♦  • 
It  was  discovered  In  1870,  purchasetl  by  Reed  &  Goodspeed  in  1871,  leased  until 
May,  1878,  and  worked  steadily  since  by  about  10  men.  Ore  is  found  in  three 
bodies  in  a  30-foot  stratum  of  compact  dark-blue  limestone.  A  stratum  of 
white  limestone  above  carries  no  ore.  The  outcrop  was  a  pipe  2^  feet  in  diam- 
eter of  low-grade  ocher.  The  shape  of  the  bodies  Is  that  of  a  flattened  or  an 
elongated  ball,  the  largest  being  50  by  20  by  15  feet.  They  are  4  and  10  feet 
apart  and  not  over  50  feet  from  the  surface.  At  the  period  under  review  drift- 
ing was  being  carried  on  upon  a  seam  of  ocher  in  the  exi)ectatlon  of  finding 
another  body.  The  total  cuttings  did  not  exceed  700  feet.  During  the  census 
year  173  tons  of  ore  similar  to  that  of  the  Reed  and  Benson,  excepting  that  it 
was  of  lower  grade,  assaying  only  about  45  per  cent  leod,  42  ounces  silver,  with 
3  per  cent  moisture,  were  sold  for  $8,581.  The  previous  product  was  estimated 
ttt  $22,000. 

The  mine  of  the  Kessler  Mining  Co.  covers  part  of  the  ground  of  the  old 
I»rovo  claim.  It  was  worked  by  a  New  York  company  in  1872,  1873,  and  1874. 
Little  ore  was  obtained,  and  it  was  abandoned.  About  1875  a  prospector  dis- 
covered the  carbonate  ore  body  while  overhauling  the  old  dump,  so  says  tradi- 
tion. The  mine  was  bought  by  the  Carbonate  Co.,  of  Salt  Lake  City,  which 
extracted  large  quantities  of  ore.  In  January,  1879,  after  the  large  discovery 
ore  body  had  been  nearly  all  extracted,  the  mine  was  sold  to  the  Kessler  Mining 
Co.,  of  New  York  City.    This  company  took  out  considerable  ore  and  did  much 
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prospecting  but  ceased  work  some  months  previous  to  the  writer's  visit,  at  which 
time  the  mine  was  worked  by  a  few  lessees.  The  property  consists  of  the  fol- 
lowing overlaK)lng  unpatented  claims:  Carbonate  (1,500  by  200  feet).  Little 
Olant,  Sailor  Jack,  Alturas,  Baker,  and  Defiance.  These  are  situated  on  the 
summit  of  the  ridge  of  Sliver  Mountain,  about  11,000  feet  above  sea  level,  3 
miles  south  of  Argenta,  and  about  6  miles  northwest  of  Alta.  ♦  ♦  ♦  The 
ore  Is  found  In  several  bodies  near  the  surface  on  the  hanging- wall  side  of  a 
stratum  or  belt  of  limestone.  The  largest  body  was  just  below  the  surface  and 
was  lenticular  In  shape,  its  dimensions  being  200  by  100  by  50  feet.  It  was  tim- 
bered by  365  square  sets  but  had  caved  In.  The  gangue,  if  such  It  may  be  called, 
which  surrounds  the  bodies  and  also  serves  as  a  connecting  link  between  them, 
consists  of  a  valueless  ocher  or  llmonite.  It  is  very  abundant,  sometimes  fine 
and  soft;  at  other  i>olnts  hard  and  siliceous.  Occasionally  heavy  spar,  oxide 
of  mangane.se,  and  stains  of  malachite  are  found.  The  ore  is  an  ocher,  contain- 
ing cerusite  and  galena,  and  assays  from  30  to  50  per  cent  lead  and  from  30  to 
100  ounces  sliver.  A  fissure  vein,  called  the  "  Sailor  Jack,"  connects  with  this 
boily  and  has  been  the  cause  of  much  litigation.  There  Is  also  a  vertical  fault 
of  500  feet.  The  mine  Is  opened  950  feet  horizontally  and  300  feet  vertically 
below  the  croppings  by  six  tunnels  and  one  Incline  shaft.  Four  of  the  tunnels 
and' the  shaft  are  upon  the  fissure  vein.  The  cuttings  are  5,500  feet  In  length. 
The  mine  Is  dry,  excepting  from  surface  water  from  melting  snows  In  the 
spring.  ♦  ♦  ♦  During  the  census  year  692  tons  were  produced,  which  sold 
for  $16,554.74.  The  total  product  of  the  mine  prior  to  October,  1877,  is  esti- 
mated at  $120,000.  Between  the  above  date  and  the  beginning  of  the  census 
year  4,549  gross  tons,  averaging  about  8  per  cent  moisture,  were  sold  for 
$261,044.41. 

Bedded  deposits  are  also  reported  from  other  localities  which  were 
not  examined  and  of  which  no  description  has  been  found. 

AMEBICAH  FOBK  DIBTBIOT. 

The  only  bedded  deposits  in  the  American  Fork  district  are  those 
of  the  famous  old  Miller  mine,  on  Miller  Hill,  just  east  of  the  divide 
between  the  head  of  American  Fork  canyon  and  Mary  Ellen  Gulch. 
This  mine  was  the  cause  of  great  activity  in  the  early  seventies.  Ac- 
cording to  Huntley/  it "  was  discovered  in  1870  and  was  sold  the  fol- 
lowing year  for  $120,000  or  over."  The  mine  was  examined  by  J.  P. 
Kimball  in  1872  and  the  following  data  are  abstracted  from  his  pub- 
lished report,  lent  to  the  writers  by  W.  A.  Wilson,  of  Salt  Lake 
City,  the  present  manager : 

The  earliest  workings,  as  early  as  1872,  were  inaccessible.  The 
"  vein  "  then  worked  followed  the  bedding,  which  dips  15°-25**  SE. 
It  lies  near  the  base  of  the  limestone  series.  The  ore  cropped  out  on 
the  southwest  side  of  the  hill  and  was  followed  along  the  f ootwall  for 
about  120  feet,  when  it  "  rolled  "  downward  for  a  short  distance  and 
again  followed  the  bedding.  Below  the  roll  (at  the  Car  tunnel)  the 
"  vein  "  was  17  feet  thick.    The  f ootwall  was  clearly  defined,  but  the 

1  Huntley,  D.  B.,  op.  cit,  pp.  444-445. 


Cotton  WOOD-AMERICAN  mining  region,  utah.  S2l 

top  of  the  ore  body  graded  into  the  limestone.  The  footwall  was  a 
bed  of  "  tight  lime  "  with  a  streak  of  clay  selvage  marking  the  con- 
tact with  the  ore.  The  hanging  wall  was  shaly,  much  fractured,  and 
partly  altered  to  "  ocherous  matter."  Fragments  of  the  hanging- wall 
rock  were  found  throughout  the  vein.  The  east  side  of  the  old  incline 
showed  either  a  steep  pitch,  a  horse  of  loosened  rock,  or  a  fault  caus- 
ing the  abrupt  disappearance  of  the  vein  material  on  this  side.  Not 
enough  work  had  been  done  at  the  time  to  determine  the  structure. 

Quartz  and  calcite  were  generally  absent,  except  as  "  a  residue  of 
country  rock."  The  ore  minerals  were  galena,  cerusite,  and  "  plumbic 
ocher,"  all  carrying  silver.  Considerable  hydrous,  ferric  oxide  was 
present,  presumably  an  alteration  product  of  pyrite,  and  the  green  and 
blue  stains  of  copper  carbonate  were  found  in  drusy  cavities  in  the 
hanging  wall.  Black  manganese  stains  were  commonly  present  with 
the  iron  oxide. 

Cerusite  was  the  most  abundant  of  the  three  lead  minerals.  It  in- 
cluded two  varieties,  black  and  white.  The  black  variety,  in  con- 
trast to  the  white,  probably  owed  its  color,  in  Kimball's  opinion,  to 
finely  divided  silver  sulphide  and  was  the  rich  ore  of  the  mine,  "  con- 
taining 83  per  cent  lead  along  with  some  76  ounces  of  silver  to  the 
ton."  This  black  variety  must  have  been  largely  galena,  for  pure 
cerusite  contains  only  76  per  cent  of  lead,  whereas  galena  contains  86 
per  cent.  It  occurred  in  granular  masses  in  the  lower  and  middle 
parts  of  the  "  vein."  Some  of  the  masses  were  1  to  6  feet  in  diameter 
and  comprised  from  10  to  16  per  cent  of  the  total  ore  shipped.  The 
white  variety,  carrying  about  60  ounces  of  silver  to  the  ton,  was  the 
predominant  ore  and  in  a  concentrated  form  occupied  the  lower  half  of 
the  ore  body.  It  was  arranged  in  lenticular  layers,  separated  by  thin 
seams  of  clay  and  "  plumbic  ocher."  "  Perfectly  pure  lenses  "  of  it 
were  present,  from  3  to  5  feet  thick  and  having  the  consistency  of 
quicksand.  The  "  plumbic  ocher  "  occurred  in  irregularly  distributed 
masses  or  lenses  in  the  lower  part  of  the  vein  and  carried  as  much  as 
36  ounces  of  silver  and  2.45  ounces  of  gold  to  the  ton.  Some  gold  was 
also  present  in  the  ferric  oxide.  The  upper  part  of  the  "  vein  "  con- 
sisted of  brecciated  limestone  and  ferric  oxide,  the  former  more  or  less 
impregnated  with  copper  salts  and  partly  oxidized  galena.  The  ore 
body,  according  to  Kimball's  report,  was  said  to  be  the  largest  deposit 
of  lead  carbonate  then  known,  but  much  larger  bodies  have  since  been 
developed  in  other  districts. 
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The  following  table  of  assays,  taken  from  Kimball's  report,  repre- 
sents the  western  ore  bodies  of  the  mine,  worked  up  to  1872 : 

Assays  of  ore  from  Miller  mine. 


Kind  of  ore. 


Galena 

•    Do 

Do 

Do 

Gray  [white?]  carbonate  and  galena. 

Gray  iwhiteT]  carbonate 

Black  carbonate 

Do t 

Carbonate 

Do 

Oxide  of  lead 

Third-class  vein  matter 

Run  of  mine 

Do 

Do 

Do 

Do 


Lead. 

Silver. 

Percent. 

Ot,  to  the  ton. 

56 

25.51 

70 

38.88 

04 

125.97 

62 

45.20 

75 

34.62 

60 

80.37 

68 

38.45 

72 

36.57 

76 

35.07 

83 

31.49 

(•) 

25.8 

40 

16.96 

58 

29.16 

53 

27.32 

60 

30.37 

67 

83.41 

55 

36.00 

Gold. 


Ot.totheton. 
0.30 

.eo 

None. 

.43 

.75 

.60 

Trace. 

Trace. 

2.34 

2.77 


% 


w 


one. 
.50 
.60 
.60 
.60 


a  Not  determined. 


b  Induded  in  sflver. 


The  average  value  per  ton  of  base  bullion  produced  from  these 
ores  at  the  old  Sultana  smelter  in  American  Fork  Canyon  for  60 
working  days  was  as  follows:  Lead,  $140.70;  silver  (60.36  ounces), 
$86.47;  gold  (0.97  ounce),  $22.27;  total,  $249.44. 

According  to  Huntley,^  there  were  in  1880  ten  tunnels,  four  shafts, 
and  10,000  feet  of  openings,  exclusive  of  stopes,  in  the  Miller  mine. 
The  deepest  workings  were  600  feet  below  the  hilltop  and  extended 
horizontally  900  feet.  Ore  was  found  in  six  or  eight  large  bodies 
which  began  within  70  feet  of  the  surface  in  a  belt  of  dolomite. 
About  4,800  tons  was  extracted  from  the  largest  body.  In  addition 
to  the  minerals  mentioned  by  Kimball,  wutfenite  was  present  in  the 
oxidized  ore  and  a  little  zinc  blende  and  pyrite  were  found  below 
water  level  (500  feet).  The  total  production  of  the  old  workings 
was  estimated  to  have  been  between  13,000  and  15,000  tons,  assaying 
40  to  54  per  cent  of  lead  and  30  to  47  ounces  of  silver  and  $2  to  $10 
in  gold  to  the  ton.  These  figures  do  not  range  as  high  as  some  of 
those  given  by  Kimball. 

The  old  ore  bodies  gave  out  and  the  company  ceased  operations  in 
December,  1876,  and  since  that  time  the  mine  has  been  worked  by 
lessees.  No  great  amount  of  ore  was  produced  until  1905,  when  the 
Tyng  Bros.,  then  leasing,  opened  another  large  body,  which  replaced 
the  limestone  along  a  nearly  due  east  fissure  for  a  total  distance  of 
over  400  feet  and  was  1 0  to  40  feet  wide.  The  increased  production  from 
1905  to  1908  was  due  to  this  deposit.  The  rock  replaced  was  a  gray 
dolomite  ( ?),  overlain  and  underlain  by  shaly  limestone.    Two  other 


1  Huntley,  D.  B.,  op.  cit,  pp.  444-445. 
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bodies,  smaller  and  less  regular,  were  found  about  100  feet  north  of 
the  main  body,  one  on  each  side  of  a  porphyry  dike,  whose  strike  is 
about  N.  70°  E.  The  main  ore  body  ended  abruptly  on  the  east, 
possibly  against  a  fault,  and  a  search  has  recently  been  made  for  its 
eastward  continuation,  but  up  to  1913  only  relatively  low  grade 
oxidized  ore  had  been  found.  The  ore  was  principally  rusted  "  sand 
carbonate"  containing  residual  bowlders  of  galena.  It  also  con- 
tained copper  stains,  but  assayed  less  than  2  per  cent  copper.  The 
average  content  of  the  ore  shipped  from  the  Tyng  lease  was  0.98 
ounce  of  gold  and  21.72  ounces  of  silver  to  the  ton,  39.29  per  cent  of 
lead,  4.90  per  cent  of  zinc,  20.17  per  cent  of  iron,  2.61  per  cent  of  sul- 
phur, and  3.56  per  cent  of  insoluble.  These  figures  show  that  the 
ore  was  mostly  oxidized  and  contained  very  little  quartz  or  barite 
gangue. 

DEPOSITS   IN   THE   ALPINE   DISTRICT. 

The  Alpine  mining  district  is  in  the  foothills  of  the  Wasatch 
Range,  north  and  east  of  the  town  of  Alpine,  which  is  about  5  miles 
north  of  the  town  of  American  Fork.  It  includes  the  southwestern 
part  of  the  granodiorite  stock  of  the  Cottonwood  region  and  a  con- 
siderable part  of  the  great  limestone  series.  .  Cambrian  quartzite  is 
also  present  but  not  closely  related  to  either  of  the  two  properties 
examined. 

The  only  fissure  deposit  in  igneous  rock  examined  in  the  region 
covered  by  this  report  is  that  of  the  Lucky  Chance  mine,  about  3 
miles  north  of  Alpine.  Here  the  country  rock  is  typical  granodiorite 
of  the  Little  Cottonwood  stock.  The  ore  occurs  in  shear  zones  along 
which  the  rock  has  developed  a  highly  schistose  structure.  The  shear 
zones  strike  N.  60°  E.  and  X.  80°  W.,  with  northward  dips  of  30° 
to  60°,  and  appear  to  be  grouped  in  a  belt  of  north-northeastward 
trend,  100  feet  or  more  wide  and  of  unknown  length. 

The  mineralized  rock  consists  principally  of  quartz  that  fills 
openings  and  more  or  less  completely  replaces  the  sheared  rock, 
which  is  colored  dark  green  by  micaceous  alteration  minerals.  The 
ore  minerals  are  pyrite  and  galena.  The  deposits  range  from  thin 
sprinklings  along  a  fracture  to  well-defined  lenticular  veins  as  much 
as  1  foot  wide  and  20  feet  long. 

In  thin  section  the  moderately  mineralized  rock  consists  mostly 
of  much  shattered  feldspar  and  quartz.  The  feldspars  are  traversed 
by  veinlets  of  sericite  and  calcite,  and  the  quartz  areas  by  veinlets  of 
minutely  granular  quartz.  Chlorite  is  present  in  small  drawn-out 
aggregates,  representing  the  original  biotite  of  the  rock.  Pyrite  is 
present  in  small  grains  closely  associated  with  the  sericite  and  quartz 
veinlets.    The  absence  of  magnetite  suggests  that  its  iron,  with  prob- 
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ably  some  from  the  biotite,  has  gone  to  form  the  pyrite.  The  sericite 
(if  it  is  all  of  the  potash  variety)  implies  an  introduction- of  some 
potash  to  replace  .the  soda  and  lime  of  plagioclase,  but  the  principal 
materials  introduced  appear  to  have  been  water,  carbon  dioxide, 
and  a  little  sulphur. 

The  more  completely  mineralized  rock  in  thin  section  shows  the 
same  character,  but  the  feldspar  and  chlorite  are  nearly  all  replaced 
and  the  quartz  is  nearly  all  recrystallized.  Secondary  quartz  is 
abundant  and  sericite  subordinate.  Galena  is  present  with  the  pyrite. 
Both  ore  minerals  form  aggregates,  confined  principally  to  the  net- 
work of  veinlets  but  also  sending  short  branches  into  the  inclosing 
minerals.  The  quantity  of  replacing  minerals  in  this  rock  shows 
that  silica,  iron,  and  lead,  as  well  as^  sulphur,  water,  and  carbon 
dioxide,  were  introduced.  Sericitization,  characteristic  of  the  less 
intense  alteration,  is  here  overshadowed  by  silicification. 

A  small  shipment  of  ore  was  made  from  this  mine  a  few  years  ago. 
It  ran  well  in  silver  and  comparatively  well  in  gold. 

The  only  deposit  in  the  limestone  of  the  Alpine  district  visited  by 
the  writers  is  on  the  Alpine-Galena  property,  near  the  mouth  of 
Boxelder  Canyon,  northeast  of  Alpine.  The  country  rock  is  near  the 
base  of  the  great  limestone  series  and  is  probably  of  Cambrian  age. 
The  only  ore  found  up  to  1912  was  in  small  masses  of  silver-bearing 
galena  and  lead  carbonate  along  a  bedding  plane.  The  bedding 
plane  had  been  followed  down  about  50  feet  to  a  small  body  of 
leached  replacement  quartz,  originally  pyritic. 

The  mineralization  in  the  Alpine  district,  so  far  as  disclosed  both 
in  the  Lucky  Chance  and  in  the  Alpine-Galena  ground,  was  of  the 
same  character  as  that  in  the  productive  mines  of  the  Cottonwood- 
American  Fork  region,  but  the  amount  was  decidedly  small. 

GENESIS  OF  THB  OBES. 

A  detailed  discussion  of  the  genesis  of  the  ores  of  the  region 
will  not  be  given  in  this  place,  but  certain  facts  bearing  on  this 
subject  will  be  pointed  out  and  the  general  conclusions  reached  will 
be  stated. 

As  has  been  shown  in  the  discussion  of  the  main  types  of  de- 
posits— contact,  fissure,  and  bedded  deposits — ^there  is  no  doubt  that 
they  are  of  common  origin,  showing  complete  mineralogical  grada- 
tion. At  several  places  contact  deposits  pass  into  fissure  deposits, 
and  as  a  rule  the  classification  into  fissure  and  bedded  deposits  is 
based  on  form  rather  than  on  any  inherent  difference  in  the  char- 
acter of  the  mineralization. 

The  deposits  in  the  igneous  rocks,  so  far  as  shown  by  present  de- 
velopments, are  of  little  importance  in  this  region,  and  their  relation 
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to  the  deposits  in  the  adjacent  sedimentary  rocks  is  not  as  clearly 
shown  as  in  other  districts  of  the  State.  The  mineralization  in  the 
igneous  rocks,  however,  is  such  as  might  have  been  effected  by  the 
same  solutions  that  produced  the  deposits  in  the  sedimentary  rocks. 

The  source  of  the  metal-bearing  solutions  is  believed  to  have  been 
the  igneous  material  that  forms  the  stocks  in  the  region.  This  is 
indicated  by  the  location  of  the  deposits  and  also  by  the  character 
of  the  mineralization.  A  glance  at  the  geologic  map  (PI.  VI)  will 
show  that  the  principal  mineralized  areas  of  both  the  Cottonwood- 
American  Fork  and  the  Park  City  regions  are  grouped  around  the 
Clayton  Peak  stock.  They  are  associated*  with  fissures  that  were 
apparently  formed  at  the  time  of  the  intrusion  of  the  stocks.  This 
grouping  in  itself  suggests  that  the  ore-bearing  solutions  were  de- 
rived from  the  intrusive  material.  Moreover,  the  aplitic  and  peg- 
matitic  dikes  or  veins  which  were  evidently  late  phases  of  the  igne- 
ous activity,  contain  sulphides  and  locally  diopside  in  notable 
amount,  and  this  naturally  suggests  that  the  solutions  which  escaped 
from  the  igneous  bodies  carried  ore-forming  materials.  The  asso- 
ciation of  diopside  and  pyrite,  both  in  the  aplitic  veins  and  in  the 
contact  deposits,  is  especially  suggestive.  The  deposits,  notably  the 
contact  deposits,  are  similar  in  character  to  those  of  other  districts 
where  their  origin  from  solutions  given  off  from  igneous  material 
is  pretty  definitely  established.  Of  particular  significance  in  this 
connection  is  the  boron  mineral  ludwigite,  as  the  boron  minerals  are 
commonly  regarded  as  indicative  of  igneous  origin. 

The  deposits  in  this  region  are  in  many  respects  similar  to  those  of 
the  Park  City  district,  which  have  been  carefully  studied  by  Boutwell 
and  which  he  concludes  are  genetically  related  to  the  intrusive  rocks.  ^ 
There  are,  however,  differences  between  the  deposits  of  the  two  areas 
that  should  not  be  overlooked.  It  is  commonly  stated  in  newspaper 
and  ottier  descriptions  of  the  Cottonwood  region  that  the  ore  deposits 
occur  in  the  same  formations  as  those  of  the  Park  City  district,  a  state- 
ment with  no  basis  in  fact,  for  the  deposits  of  the  Park  City  district 
are  all  in  the  Weber  quartzite  and  higher  formations,  while  the  known 
deposits  of  the  Cottonwood  area  are,  with  few  exceptions,  in  forma- 
tions below  the  Weber  quartzite.  A  comparison  of  the  deposits  at 
'  different  horizons  in  the  stratigraphic  series  gives  this  fact  added  sig- 
nificance. Around  and  closely  associated  with  the  Little  Cottonwood 
stock  of  granodiorite,  intruded  into  the  pre-Cambrian  and  early  Cam- 
brian rocks,  few,  if  any,  deposits  of  commercial  importance  have  been 
developed,  while  most  of  the  important  deposits  of  the  belt  are  asso- 
ciated with  (he  Clayton  Peak  stock  of  quartz  diorite,  intruded  into 

^  Boatwell,  J.  M.,  op.  cit.,  p.  128. 
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Paleozoic  and  Mesozoic  rocks.  Moreover,  viewed  in  a  general  way, 
with  due  regard  for  structural  features  and  differences  in  character  of 
rock  which  have  been  important  factors  in  the  deposition  of  the  ores, 
there  is  a  general  increase  in  mineralization  from  the  lower  to  the 
higher  formations,  the  ore  bodies  in  the  late  Paleozoic  and  early 
Mesozoic  rocks  of  the  Park  City  district  being  far  more  valuable  than 
any  known  in  the  earlier  rocks  of  the  Cottonwood  area. 

It  is  needless  to  say  that  this  statement  does  not  imply  that  valuable 
deposits  do  not  exist  in  the  Cottonwood- American  Fork  region,  for 
several  such  deposits  have  been  developed;  but,  so  far  as  known,  they 
are  neither  so  large  nor  s6  continuous  as  in  the  Park  City  district. 

A  study  of  the  ore  deposits  of  the  State  ^  indicates  that  as  a  general 
rule  the  greatest  mineralization  occurs  toward  the  top  of  intrusive 
stocks  or  in  the  adjacent  sedimentary  formations  at  a  corresponding 
horizon,  and  therefore  it  is  not  probable  that  the  mineralization  in 
the  Cottonwood- American  Fork  area  was  as  extensive  as  that  in  the 
Park  City  district. 

"^  Butler,  B.  S.,  Relation  of  ore  deposits  to  different  types  of  intrusive  bodies  in  Utah : 
Econ.  Geology,  vol.  10,  p.  101,  1915. 
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COPPER  ORES. 

INTBODUCTION. 

The  amount  of  copper  ore  that  is  treated  by  concentrating  methods 
has  rapidly  increased  during  the  last  few  years  and  now  exceeds 
30,000,000  tons  a  year.  Probably  25,000,000  tons  of  western  copper 
ores  are  now  annually  treated  by  this  process.  Any  commercial  use 
that  might  be  made  of  the  tailings  from  such  treatment  would  be  of 
prime  importance.  In  the  past  the  Survey,  in  its  study  of  these 
deposits,  has  collected  a  large  amount  of  information  concerning  the 
composition  of  the  ores,  much  of  which  has  recently  been  published 
for  the  first  time.^  An  inspection  of  these  analyses  shows  the  fact 
well  known  to  students  of  the  deposits,  that  the  ores  axe  relatively 
rich  in  potassiimi. 

In  the  treatment  of  the  ores  for  the  recovery  of  the  metals  con- 
tained they  are  finely  ground.  If  the  recovery  of  potash  from  sihcates 
should  ever  become  a  conunercial  possibility  it  would  seem  that  the 
tailings  from  these  ores  are  in  a  condition  well  suited  to  cheap  treat- 
ment and  would  furnish  a  very  large  supply.  They  are,  moreover, 
accessible  to  transportation  facilities  and  in  many  places  to  mod- 
erately cheap  supplies  of  electric  power,  water,  etc.,  that  have  been 
provided  for  recovering  the  metal  content  of  the  ores.  The  recovery 
of  potassimn  from  silicates  has  received  much  attention  in  recent 
years,  but  no  commercially  successful  method  has  yet  been  put  into 
operation.  The  large  and  cheap  supply  of  such  material,  however, 
is  certain  to  encourage  further  investigation.  It  seems  reasonable 
to  suppose  that  in  the  treatment  of  ores  in  which  the  potassium 
oceans  in  the  mineral  muscovite,  the  muscovite  will  tend  to  collect 
in  the  finer  material  or  ''slimes,"  and  these  finer  tailings  may  be 
considerably  higher  in  potassium  than  the  coarser  material.  If  they 
are,  it  may  be  to  the  interest  of  the  companies  to  impound  separately 
the  fine  and  coarse  tailings. 

In  the  following  pages  have  been  brought  together  portions  of 
some  complete  analyses  of  copper  ores  from  different  districts  show- 
ing the  potash  content  and  the  percentages  of  the  commoner  oxides. 

1  Clarke,  F.  W.,  AnalyseB  of  rocks  and  minerals  from  the  laboratory  of  the  United  States  Geological 
Soryey,  1880-1914:  U.  S.  Oeol.  Survey  Boll.  fiOl,  1015. 
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For  each  district  aro  given  the  amount  of  ore  available  and  the 
quantity  that  has  been  treated.  The  last  item  gives  an  approxi- 
mation of  the  amount  of  tailings  that  have  resulted  from  past 
operations. 

For  the  convenience  of  the  reader  wishing  to  examine  the  full 
analyses  in  the  original  publications,  the  letters  designating  the 
excerpts  from  the  analyses  are  those  used  in  the  publication  from 
which  they  were  taken. 

BINGHAM  DISTBICT,  T7TAH. 

B,  C,  D,  Mineralized  monzonite  porphyry,  collected  by  J.  M.  Boutwell  from  Britiflh 
tunnel,  Last  Chance  mine,  and  described  in  ProfesBional  Paper  38,  page  178.  E.  T. 
Allen,  analyst. 

E,  F,  Altered  porphyry,  collected  by  B.  S.  Butler,  who  supplies  the  petrographic 

data.    George  Steiger,  analyst.    E,  Dark  ore;  contains  biotite,  orthoclase,  muscovite, 

rutile,  and  quartz.    F,  Light  ore;  contains  quartz,  orthoclase,  muscovite,  rutUe, 

and  very  little  biotite. 

[From  Bulletin  601,  p.  146.] 
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These  analyses  represent  rocks  that  have  undergone  the  altera- 
tion that  has  accompanied  the  deposition  of  ore  minerals.  The 
composition  of  the  ore  mined  is  probably  most  nearly  represented 
by  analyses  E  and  F.  Mineralogically  the  ores  differ  consider- 
ably, but  potash  is  present  in  the  minerals  muscovite,  biotite,  and 
orthoclasC;  in  varying  amoimts.  Analysis  F,  the  one  highest  in 
potash  (KjO),  represents  a  specimen  of  the  "light  ore,"  in  which 
much  of  the  potassium  is  in  the  mineral  orthoclase. 

By  chum  drilling  and  other  means  of  exploration,  377,690,400 
tons  of  ore  of  this  type,  of  which  35,190,400  tons  had  been  mined 
and  milled,  had  been  developed  in  this  district  to  the  end  of  1914. 

Samples  of  tailings  from  the  mill  of  the  Utah  Copper  Co.  were 
examined  in  the  laboratory  of  the  Survey  by  R.  C.  Wells  with  the 
following  results:  Sand  yanner  taihngs,  6.81  per  cent  K^O,  0.53  per 
cent  Na,0;  slime  vanner  tailings,  5.88  per  cent  K3O,  0.56  per  cent 
Na,0. 
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SAN  FBANCISCO  DISTBICT,  T7TAH. 

Altered  quartz  monzoaite,  collected  by  B.  S.  Butler  and  described  in  Profeeaional 
Paper  80.    G,  0  K  mine;  D,  Gactua  mine.    R.  G.  Wells,  analyst. 

[From  Bulletin  591,  p.  148.] 
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These  are  analyses  of  ores.  The  tailings  dump  from  the  Cactus 
mill  is  estimated  to  contain  over  500,000  tons  of  material.^  The 
potassium  in  this  ore  is  in  the  mineral  muscovite. 

SANTA  BITA  DISTBICT,  N.  KEZ. 

Rock  from  the  Santa  Rita  mine,  300-foot  level.    W.  T.  Schaller,  analyst. 

[From  Professional  Fai>er  68,  p.  89.] 
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No  series  of  analyses  that  can  be  said  to  represent  the  ore  has  been 
published. 

The  ore  consists  of  mineralized  igneous  and  sedimentary  rocks 
The  sedimentary  rocks  (quartzite,  limestone,  and  shale),  originally 
contained  Uttle  or  no  potash,  and  it  is  reasonable  to  suppose  that  in 
the  mineralization  they  did  not  become  as  rich  in  this  material  as  the 
igneous  rocks,  which  contained  several  per  cent  of  potash  before 
mineralization.  It  seems  Ukely,  then,  that  this  deposit  as  a  whole  is 
not  so  rich  in  potash  as  some  deposits  formed  in  rocks  all  of  which 
carried  potash  before  mineraUzation. 

A  sample  of  the  ''slime"  produced  at  the  Hurley  plant  of  the  Chino 
Copper  Co.,  where  the  ores  from  the  Santa  Rita  district  are  treated, 
was  examined  in  the  laboratory  of  the  Survey  and  f oxmd  to  contain 
4.42  por  cent  of  potash  (KjO). 

To  the  end  of  1914  there  had  been  developed  in  this  district 
95,300,000  tons  of  ore,  of  which  5,012,800  tons  had  been  milled. 

'Bur.  Mines  Tech.  Paper  90,  p.  18, 1916. 
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BAY  DISTRICT,  ABIZ. 

Rocks  collected  from  mines  of  Ray  Consolidated  Copper  Co.  by  F.  L.  Ransome,  who 
supplies  the  petrographic  data.    R.  C.  Wells,  analyst. 

G.  Metallized  Final  schist,  ''primary  ore,"  Ray  mine.  Contains  quartz,  sericite, 
chlorite,  biotite,  pjrrite,  chalcopyrite,  pyirhotite,  and  zircon. 

H.  Altered  Pinal  schist,  "primary  ore,"  No.  1  mine,  2,075-foot  level. 

I.  Altered  Pinal  schist,  enriched  ore.  No.  1  mine,  1,940-foot  level. 

J.  Altered  Pinal  schist,  "primary  ore,"  No.  2  mine,  2,190-foot  level. 

K.  Altered  Pinal  schist,  enriched  ore.  No.  2  mine,  1,925-foot  sublevel. 

« 

[From  BuDetin  591,  p.  154.} 
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The  potash  present  is  in  the  mineral  muscovite  (sericite). 

On  December  31,  1914,  the  known  ore  reserves  of  this  district 
amounted  to  74,765,789  tons,  and  7,061,821  tons  of  ore  had  been 
mined  and  milled. 

MIAMI  DISTBIOT,  ABIZ. 

Final  schist,  the  so-called  '' primary  ore,"  collected  by  F.  L.  Ransome.    Chase 
Palmer,  analyst. 

A.  420-foot  level,  Miami  mine. 

B.  570-foot  level,  Miami  mine. 

G.  3,480-fQot  level,  Scorpion  shaft. 
D.  3,350-foot  level,  Joe  Bush  shaft. 

[From  Bulletin  091,  p.  154.] 
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The  potash  in  these  ores  is  in  muscovite. 

At  the  end  of  1914  there  were  known  ore  reserves  in  the  district 
amoimting  to  about  133,000,000  tons,  and  about  3,650,000  tons 
had  been  milled. 
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MOBBKOI  DISTBICT,  ABIZ. 

Rocks  collected  by  Waldemar  Lindgren  and  described  in  Professional  Paper  43, 
p.  168.    W.  F.  Hillebrand,  analyst. 

B.  Altered  porphyry,  Ryerson  mine.    100-foot  level. 

C.  Altered  porphyry,  chalcocite  zone,  Humboldt  stopes. 

D.  Surface  alteration  of  altered  porphyry,  Copper  Mountain. 
£.  Primary  silification  of  porphyry,  Ryerson  mine. 

[From  Bulletin  591»  p.  156.1 
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The  potash  in  these  deposits  occurs  in  the  mineral  muscovite. 

There  are  large  ore  reserves  in  this  district.  In  the  five  years  1910 
to  1914,  inclusive,  more  than  7,000,000  tons  of  ore  was  concentrated 
in  the  district,  and  this  together  with  earlier  operations  has  resulted 
in  the  accumulation  of  a  large  quantity  of  tailings. 

ELY,  KEY. 

Rocks  collected  by  A.  0.  Spencer. 

B.  Altered  monzon^te,  Veteran  mine.  The  plagioclaae  is  partly  changed  to  seri- 
cite.    Also  contains  biotite,  orthoclase,  quartz,  and  pyrite.    George  Steiger,  analyst. 

F.  Enriched  ore,  bottom  of  Copper  Flat  mine.  Original  plagioclase  destroyed  by 
sericitization.    George  Steiger,  analyst. 

G.  Ore,  west  side  of  Copper  Flat  mine.  Plagioclase  replaced  by  sericite;  orthoclase 
not  attacked.    Quartz  and  sulphides  added.    R.  C.  Wells,  analyst. 

H.  Ore  material  after  complete  oxidation,  west  side  of  Copper  Flat  mine.  Com- 
posed mainly  of  quartz  and  sericite,  with  some  orthoclase  and  kaolin.  R.  C.  Wells, 
analyst. 

I.  Sulphidized  monzonite,  shaft  of  Ely  Central  Co.    George  Steiger,  analyst. 

[From  Bulletin  691,  p.  162.] 
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The  potash  in  these  ores  occurs  in  the  minerals  muscovite,  biotite, 
and  orthoclase. 

To  the  end  of  1914  more  than  75,000,000  tons  of  ore  had  been 
developed,  of  which  more  than  15,000,000  tons  had  been  milled. 
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BITETB  DISTBIOT,  MOKT. 

Altered  Butte  granite,  collected  by  W.  H.  Weed  and  6.  W.  Tower,  and  described 
in  Professional  Paper  74. 

I.  Decomposed  near  quartz-pyrite  veins.  Shows  opaline  silica,  with  sericite 
derived  from  feldspar.  Hornblende  gone;  mica  recognizable  only  as  sericite  mnsBoa 
having  the  form  of  biotite.    H.  N.  Stokes,  analyst. 

J.  300-foot  level,  Colusa  mine.  Contains  quartz,  altered  orthoclaae  and  plagiodaae, 
and  sericite.    £.  T.  Allen,  analyst. 

E.  Wall  rock,  1,300-foot  level,  Parrot  mine.  Contains  quartz,  sericite,  pyrite,- 
bomite,  etc.    E.  T.  Allen,  analyst. 

L.  Enaigite  vein,  1,000-foot  level,  Leonard  mine.  Contains  quartz,  kaolin,  pyrite> 
etc.    W.  F.  Hillebrand,  analyst. 

M.  Veinlets  in  Original  mine.  Contains  quartz,  sericite,  partly  altered  feldspan, 
calcite,  zinc  blende,  etc.    W.  F.  Hillebrand,  analyst. 

[From  Bulletin  591,  p.  94.] 
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Potash  is  present  in  the  mmeral  muscovite. 

The  Butte  district  contains  large  reserves  of  concentrating  ore. 
During  the  last  10  years  the  district  has  made  an  annual  output  of 
ore  ranging  from  3,700,000  to  5,600,000  tons.  As  a  large  part  of 
this  ore  was  concentrated  it  is  evident  that  these  and  earlier  opera- 
tions have  resulted  in  the  accimiulation  of  millions  of  tons  of  tailings. 

GOLD  ORES. 

The  ores  of  several  of  the  large  gold-producing  districts  of  the  West 
are  notably  rich  in  pota&sium,  and  although  the  tonnage  in  these 
deposits  is  usually  small  compared  with  that  of  the  copper  deposits, 
nevertheless  in  several  places  there  have  been  large  accimiulations 
of  tailings.  It  is  probable  that  the  analyses  quoted  below,  all  of 
which  were  made  for  other  purposes  than  the  determination  of  the 
potash  content  of  the  ore,  give  a  lees  accurate  idea  of  the  potassium 
content  of  the  material  as  actually  mined  and  milled  than  the  analy- 
ses of  the  copper  ores.  Some  facts  concerning  a  few  of  the  larger 
districts  are  given  in  the  following  paragraphs. 
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OBIPPLS  CBBEK  DISTBICT,  COLO. 

Altered  Utdte-phonolite. 

A.  Waahington  shaft,  Stiatton's  Independence  mine.  Collected  by  Whitman 
Crofls.    W.  F.  Hillebrand,  analyst. 

C.  Level  11,  vein  No.  3,  Vindicator  mine.  Collected  by  Waldemar  Londgren  and 
F.  L.  Ransome.    W.  T.  Schaller,  analyst. 

[From  ProfMBiooal  Paper  54,  p.  189.] 
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Breccia  from  Golden  Cycle  mine.    Collected  by  Waldemar  Lindgren  and  F.  L. 
Ransome.    W.  T.  Schaller,  analyst. 

[From  Professional  Paper  64,  p.  103.] 
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Fresh  and  altered  granitic  rock  from  level  6,  Ajax  mine,  B  1  foot  from  A.    Collected 
by  Waldemar  Lindgren  and  F.  L.  Ransome.    W.  F.  Hillebrand,  analyst. 

[From  Professional  Paper  54,  p.  104.] 
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During  the  period  1904  to  1914,  inclusive,  the  Cripple  Creek  dis- 
trict produced  7,796,000  tons  of  ore.  As  most  of  this  was  milled^  it 
is  evident  that  a  large  accumulation  of  tailings  has  resulted. 

OOLDFTBIJ)  DISTRICT,  NEV. 

The  rocks  of  the  Goldfield  district,  Nov.,  contain  potassium  in  the 
form  of  alunite,  but  so  far  as  indicated  by  available  analyses  ^  the 
percentage  of  potassium  in  the  ores  is  not  very  high. 

To  the  end  of  1914  the  Goldfield  district  had  produced  about 
2,400,000  tons  of  ore,  a  large  part  of  which  was  treated  in  the  mills 
of  the  district. 


iRanaome,  F.  h,.  Geology  and  ore  deposits  of  Ooldfleld,  Nev.:  U.  S.  Geol.  Survey  Prof.  Paper  66, 10091 
10427°— Bull.  620-16 16 
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TONOPAH  DISTRICT,  NEV. 

Rocks  collected  by  J.  £.  Spurr  and  described  in  Professional  Paper  42. 

C.  Kaolinic  alteration  of  hornblende  andesite,  from  a  pit  in  the  saddle  between 
Halifax  shaft  and  the  Mizpah  mine.  Entirely  altered  to  quartz,  kaolin,  and  muB- 
covite.    George  Steiger,  analyst. 

D.  Hornblende  andesite,  altered  to  chlorite  and  calcite;  Mizpah  shaft,  675  feet 
down.  Contains  chlorite,  calcite,  a  little  quartz,  feldspar,  sericite,  hematite,  zircon, 
and  apatite.    Geoi^e  Steiger,  analyst. 

£.  Hornblende  andesite,  partly  altered  to  orthoclase  (7),  Mizpah  Hill.  Ferro- 
magnesian  minerals  completely  decomposed.  Some  secondary  quartz  is  present, 
(jeoige  Steiger,  analyst. 

F.  Hornblende  andesite  altered  to  quartz  and  muscovite,  Mizpah  vein.  Little 
more  than  quartz  and  muscovite  can  be  made  out.    George  Steiger,  analyst. 

G.  Early  andesite,  hanging  wall  of  vein,  300-foot  level,  Mizpah  mine.  A  more 
advanced  stage  of  quartz-muscovite  alteration  than  F.    George  Steiger,  analyst. 

H.  Extreme  stage  of  alteration  of  andesite  to  quartz  and  muscovite,  west  drift, 
Mizpah  vein.    Quartz,  with  much  muscovite.    George  Steiger,  analyst. 

J.  Pyroxene-biotite  andesite,  completely  decomposed,  Montana-Tonopah  abaft. 
Feldspars  entirely  altered  to  calcite,  sericite,  and  quartz.  Biotite  ftnd  hornblende 
altered  to  chlorite,  calcite,  quartz,  sericite,  siderite,  and  pyrite.  George  Steiger, 
analyst. 

M.  Biotite-pyroxene  andesite,  North  Star  shaft.  Entirely  altered.  Feldspar 
altered  to  calcite.    Pyrite,  siderite,  and  rutile  are  present.    George  Steiger,  analyst. 

[From  Bulletin  5^1,  pp.  1S8,  ISO.] 
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An  inspection  of  these  analyses  shows  a  marked  variation  in  the 
potassium  content,  and  a  sampling  of  the  tailings  would  be  required 
to  determine  the  average  composition. 

Since  1904;  3;342,000  tons  of  ore  has  been  mined  in  the  district, 
and  as  most  of  this  was  milled  there  is  a  large  acciunulation  of 
tailings.  - 

OTHEB  DISTBICrS. 

There  are  numerous  other  districts  in  which  the  ores  and  asso- 
ciated rocks  contain  notable  amounts  of  potassiimi,  among  which 
may  be  mentioned  the  deposits  of  the  Black  Moimtains,  Ariz./ 
which  contain  potassium  in  the  mineral  adularia  (orthoclase  feldspar). 

>  Schrader,  F.  C,  Mineral  deposits  of  the  Cerbat  Range,  Black  Moimteins,  and  Grand  Wash  CUOb, 
Mohave  County,  Arix.:  U.  S.  Oeol.  Survey  Bull.  307,  p.  48, 1000. 
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Schrader*  has  described  deposits  in  the  Jarbidge  district,  Nev., 
which  contain  an  unusual  amount  of  potassium.  A  general  sam- 
ple of  the  ore  from  one  mine  gave  11.84  per  cent  of  potash  (KjO), 
and  it  is  estimated  that  some  of  the  ore  contains  as  much  as  15  per 
cent. 

lindgren'  has  described  deposits  in  Idaho,  specimens  of  the  ore 
from  which  contained  15.12  per  cent  and  14.95  per  cent  of  potash 
(K,0). 

There  are  doubtless  nmnerous  other  deposits  in  the  West  that 
contain  potassium  in  noteworthy  amounts. 

NOTE  ON  MUSCOVITE. 

By  George  Steioer. 

In  connection  with  the  general  subject  of  the  constitution  of 
silicates,  some  experimental  work  was  done  on  muscovite  in  the 
chemical  laboratory  of  the  United  States  Geological  Survey  several 
years  ago,  and  the  results  may  possibly  have  some  bearing  upon  the 
commercial  extraction  of  potash  from  that  mineral. 

Clarke '  states  that  from  the  composition  of  muscovite  a  splitting 
up  into  water,  leucite,  and  sillimanite  may  be  inferred  according  to 
the  equation — 

Al,KH,Si  A2 = AlKSi^G,  -f  Al^SiO^ + H^O 

Doelter^  identified  large  quantities  qf  leucite  and  a  substance 
resembling  nephelite  in  the  fusion  product  of  muscovite.  As  shown 
by  Clarke  and  Steiger,^  if  leucite  is  heated  in  a  sealed  tube  with 
ammonium  chloride  the  potassium  is  whoUy  converted  into  the 
soluble  chloride  and  may  be  easily  separated  by  treating  with  water. 

A  brief  outline  of  the  results  of  the  experiments  on  muscovite 
follows  and  is  published  in  advance  of  the  complete  report  on  the 
investigation,  in  the  belief  that  the  facts  determined  have  a  tech- 
nologic bearing  and  may  possibly  be  used  as  a  starting  point  in  the 
development  of  a  commercial  process  for  the  utilization  of  musco- 
vite-bearing  rocks. 

Finely  ground  muscovite  •  was  intimately  mixed  with  ammonium 
chloride  in  a  mortar,  and  the  material  was  then  put  into  glass  tubes, 
sealed,  and  heated  to  350°  C.  in  a  bomb  furnace.  The  tubes  were 
next  opened  and  their  contents  were  leached  with  hot  water  and 

1  Schrader,  F.  C,  A  recozmalssance  of  the  Jarbidi^e,  Contact,  and  Elk  Mountain  mining  districts,  Elko 
Coonty,  Nov.:  U.  S.  Qeol.  Survey  Bull.  497,  p.  53, 1912. 

•  Lindgren,  Waldemar,  The  gold  and  silver  veins  of  SHver  City,  De  Lamar,  and  other  mining  districts 
In  Idaho:  U.  8.  Qeol.  Survey  Twentieth  Ann.  Kept.,  pt.  3,  p.  167, 1900. 

I  Clarke,  F.  W.,  The  data  of  geochemistry,  2d  ed.:  U.  S.  Oeol.  Survey  Bull.  491,  p.  370, 1911. 
«  Doelter,  C,  Neue.s  Jahrb.,  1897,  Bd.  1,  p.  1. 

•  Clarke,  F.  W.,  and  Stelger,  George,  U.  8.  Oeol.  Survey  Bull.  207,  p.  16, 1902. 

•  Most  of  the  slime  tailin^i  from  the  copper  mill  pass  through  a  200-me8h  screen. 
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washed  until  the  wash  water  gave  no  test  for  chlorine.    The  results 
are  stated  below. 

Rendu  of  heating  musoovite  with  ammonium  chloride. 
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1.08 

1.00 

Undit. 

1,  3,  Ammonium  residues  from  fused  muscovite;  3,  ammonium  residue  from  unfnsed  musoovite.  KiO 
in  leach  water  given  in  calculated  percentages  of  raw  musoovite;  other  determinations  in  calculated  per- 
centages of  dried  residues. 

The  muscovite  used  contained  9.55  per  cent  of  K^O  and  1.20  per 
cent  of  NajO,  a  total  of  10.75  per  cent.  Of  this  amount  practically 
the  whole  was  foimd  in  the  leach  water,  showing  that  by  first  fusing 
the  muscovite  and  then  treating  it  *  with  ammonium  chloride  its 
potassium  was  entirely  converted  into  the  soluble  form.  The  results 
given  in  column  3  show  that  more  than  25  per  cent  of  the  potassium 
present  may  be  converted  into  the  soluble  form  by  the  treatment 
with  ammonium  chloride  alone. 

Some  experiments  were  ako  made  to  determine  to  what  extent 
potassium  might  be  extracted  from  muscovite  by  treatment  with 
hydrochloric  acid.  The  results  stated  below  show  that  by  a  very 
superficial  treatment  with  hydrochloric  acid  approximately  one- 
third  of  the  potassium  may  be  extracted. 

Per  cent  KtO. 

Boiled  6  minutes  with  1-1  HCl 3.36 

Boiled  6  minutes  with  1-10  HCl 2.94 

Boiled  30  minutes  with  1-1  HCl 4.24 

Boiled  30  minutes  with  1-60  HCl 3.21 

As  shown  in  Bulletin  207,  the  treatment  of  a  leucite  rock  *  with 
ammonium  chloride  without  the  preliminary  fusion  will  convert  the 
potassium  of  the  leucite  entirely  into  the  soluble  form.  If  an  open 
vessel  is  used,  however,  instead  of  the  sealed  tube,  and  the  heating  is 
continued  too  long  the  action  is  reversed.  The  soluble  potassium 
salt  which  is  formed  at  first  will  react  with  the  insoluble  ammonium 
compound,  and  the  potassium  itself  will  become  insoluble. 

'  1  An  estimate  of  the  quantity  of  leudte-bearing  rook  available  in  the  Leooite  HUls,  Wyoming  (U.  & 
OeoL  Survey  Bull.  612,  p.  36, 1013)  gives  nearly  3/)00,000,000  tons,  containing  an  average  of  10  per  oant 
of  potash. 


RECENT  ALUNITE  DEVELOPMENTS  NEAR  MARYSVALE 

AND  BEAVER,  UTAH. 


By  G.  F.  LouoHLiN. 


INTRODUCTION. 

In  1910  certain  deposits  of  "  pink  spar "  about  7  miles  southwest 
of  Marysvale,  Utah,  were  recognized  as  alunite,  the  double  sulphate 
of  aluminum  and  potassium.  Since  January,  1911,  many  alunite  lo- 
cations have  been  made  in  this  region.  Prospecting  and  development 
have  been  essentially  continuous  in  the  hope  of  developing  a  commer- 
cial source  of  potash  salts,  and  this  hope  now  appears  to  have  been 
realized.  The  greatest  amoimt  of  development  work  has  been  done 
on  the  Gillan-Custer  group  of  claims,  operated  by  the  Mineral 
Products  Corporation,  of  Marysvale. 

A  demonstration  of  the  feasibility  of  extracting  potassium  sul- 
phate from  alunite,  by  W.  T.  Schaller,  was  published  by  the  United 
States  Geological  Survey,  on  December  18,  1911.*  This  process  has 
been  worked  out  on  a  commercial  scale  by  the  Mineral  Products  Cor- 
poration, which  recently  erected  the  first  mill  for  the  treatment  of 
alunite  in  the  country  and  made  its  first  production  of  potassium  sul- 
phate on  October  7,  1915.  On  October  20  a  carload  of  28  tons  of 
potassium  sulphate,  reported  to  be  93  per  cent  pure,  was  shipped  in 
cotton  bags  to  the  Armour  Fertilizer  Works,  at  Jacksonville,  Fla.' 
It  is  reported  that  at  least  one  other  company  has  plans  for  the 
erection  of  a  mill. 

The  first  discoveries  on  the  Gillan-Custer  group  of  claims  were 
visited  by  C.  W.  Hayes,  then  chief  geologist  of  the  United  States 
Geological  Survey,  in  March,  1911,  and  were  later  examined  by  B.  S. 
Butler  and  H.  S.  Gale,  the  results  of  whose  work,  including  a  general 
geologic  reconnaissance  of  the  Marysvale  region,  were  published  in 
1912.*    Public  interest  in  the  more  recent  developments  prompted 

a  second  examination  of  the  region  in  1914,  and  this  field  work  forms 

__ 

lU.  B.  Geol.  Survey  Press  Bull.  80,  1911. 

*  Telegram  from  Charles  H.  MacDowcU,  president  Armour  Fertilizer  Works :  Manufac- 
turers Record,  Oct.  21.  1915,  p.  52.  A  private  letter  from  Gascoyne  &  Co.,  Baltimore, 
Md.,  dated  Nov.  10,  1915,  reports  that  analysis  of  potash  of  this  shipment  showed  95.39 
per  cent  of  potassium  sulphate. 

*  Butler,  B.  S.,  and  Gale,  II.  S.,  Alunite,  a  newly  discovered  deposit  near  Marysvale, 
Utah:  U.  S.  Geol.  Survey  Bull.  511,  January,  1912.  See  also  U.  S.  Geol.  Survey  Press 
Bull.  30,  Dec  18,  1911. 
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the  basis  of  the  present  report.  In  October,  1915,  during  the  first 
days  of  operation  of  the  Mineral  Products  Corporation,  the  region 
was  visited  by  H.  S.  Gale  and  V.  C.  Heikes,  of  the  United  States 
Geological  Survey.  Mr.  Gale's  description  of  properties  either  inac- 
cessible in  1914  or  developed  since  then  and  Mr.  Heikes's  description 
of  the  mill  are  incorporated  in  the  following  pages. 

The  known  alunite  deposits  in  Utah  are  in  Piute  County,  on  the 
east  side  of  the  Tushar  Mountains,  and  in  Beaver  County,  on  the  west 
Ride,  but  only  those  in  Piiite  County  are  at  present  of  commercial 
importance.    The  deposits  of  Piute  County  are  from  7  to  8  miles 


r  MarjBvale  antl  Beaver, 

southwest  of  Marysvale,  in  the  Ohio  and  Mount  Baldy  mining  dis- 
tricts, and  those  of  Reaver  County  are  about  10  miles  northeast  of 
Beaver,  in  the  Newton  mining  district.     (See  fig.  13.) 

Marysvale,  at  tlie  terminus  of  the  Marysvale  branch  of  the  Denver 
&  Bio  Grande  Railroad,  is  about  1^0  miles  south  of  the  main  line 
of  the  same  system.  Beaver  is  40  miles  southwest  of  Marysvale  and 
about  35  miles  east  of  Milford,  on  the  San  Pedro,  Los  Angeles  &  Salt 
Lake  Railroad. 


ALUNITE  DEVELOPMENTS  NEAR  MARYSVALE  AKD  BEAVER,  UTAH.    ^3^ 

GEOIiOGY  OF  THE  TUSHAR  MOUNTAINS.* 

The  Tushar  Mountains  form  part  of  a  long  north-south  range 
between  the  valley  of  Sevier  River  on  the  east  and  a  broad  desert  val- 
ley on  the  west.  .  The  floor  of  Sevier  Valley  near  Marysvale  has  an 
elevation  of  about  5,600  feet  and  that  of  Beaver  Creek  at  Milford 
about  5,460  feet  From  these  depressions  the  mountains  rise  boldly, 
the  highest  sununits  of  the  range,  situated  northwest  of  Marysvale, 
attaining  elevations  of  nearly  13,000  feet. 

The  range  is  composed  of  both  sedimentary  and  igneous  rocks.  It 
is  outlined  by  north-south  faults  and  is  thus  like  the  ranges  of  the 
Great  Basin  province  to  the  west.  However,  the  bedded  rocks, 
including  sediments  and  volcanic  flows,  are  not  greatly  tilted,  and  in 
this  respect  the  structure  is  like  that  of  the  plateau  province  to  the 
east. 

The  sedimentary  rocks  exposed  along  the  mountain  front  west  and 
southwest  of  Marysvale  comprise  limestones  and  quartzites  having 
an  aggregate  thickness  of  perhaps  2,000  feet.  These  formations  are 
regarded  as  of  Jurassic  age. 

Resting  on  the  eroded  surface  of  the  sedimentary  rocks  are  effusive 
volcanic  rocks  comprising  lava  flows  and  tuffs.  In  general  the  lower 
part  of  the  volcanic  series  is  composed  of  dacite,  but  chemical  inves- 
tigation may  show  that  some  andesite  also  is  present. 

Above  the  dacite,  forming  the  highest  part  of  the  range  and,  toward 
the  north,  extending  far  down  the  slopes,  is  a  series  of  light-colored 
rhyolite  flows  and  tuffs,  locally  called  shale.  Southeast  of  Beaver 
there  are  basalt  flows  that  are  younger  than  the  rhyolite.  The 
alunite  veins  of  the  region,  so  far  as  observed,  are  in  that  part  of  the 
volcanic  series  which  lies  below  the  rhyolite  flows. 

Of  later  origin  than  the  rhyolite  and  tuff  series  are  intrusive  rocks 
which,  though  of  diverse  composition,  are  all  related  to  quartz  mon- 
zonite.  These  rocks  occupy  relatively  small  areas,  but  the  mineral 
veins  of  the  region  are  later  than  them  and  are  undoubtedly  related 
to  them  geneticajly. 

The  Tushar  Range  is  delimited  on  the  east  and  west  by  prominent 
faults,  and  within  the  range  there  has  also  been  faulting  and  Assuring, 
which  have  affected  all  the  rocks  except  possibly  the  basalts.  In  the 
main  these  faults  within  the  mountains  show  northerly  to  north- 
westerly trends,  but  there  are  a  few  cross  breaks. 

The  mineral  deposits,  consisting  mostly  of  veins  but  including 
some  irregular  replacement  bodies,  conform  in  occurrence  with  the 
faulting  and  Assuring,  and  thus  most  of  them  show  northerly  to 
northwesterly  trends.  These  deposits  comprise  two  distinct  mineral- 
ogic  types,  one  containing  no  alunite  and  the  other  composed  almost 

^  This  description  is  Bummarized  from  U.  S.  Geol.  Survey  Ball.  511,  already  cited. 
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entirely  of  alunite  or  of  alunite  and  quartz.  In  general  the  alunite 
deposits  do  not  contain  sulphides  or  related  minerals  in  conspicuous 
amount,  whereas  the  other  veins  do,  and  some  of  them  have  been 
worked  for  metals,  principally  silver  and  gold.  Only  the  altmite 
deposits  were  examined  by  the  writer.  Those  southwest  of  Marys- 
vale  are  distinct  though  irregular  veins,  whose  formation  was  accom- 
panied by  a  minor  amount  of  replacement,  but  the  deposit  at  Sheep 
Rock,  northeast  of  Beaver,  is  an  irregular  replacement  body. 

AL.UNITE  DEPOSITS   SOUTHWEST  OF  MARYSVALE. 

LOCATION  AJSTD  EXTENT. 

The  best-known  alunite  deposits  southwest  of  Marysvale  are  in 
sees.  8,  16,  and  17,  T.  28  S.,  R.  4  W.    They  lie  in  three  roughly 


X  Alunite  in  place 
■^  Tunnel 


o  Alunite  floa^ 
B  Shaft 


FiouBK  14. — Map  showing  location  of  prospects  in  the  principal  group  of  alunite  deposits 
near  Marysyale*  Utah.     Numbern  refer  to  descriptions  in  text. 

parallel  zones  of  northerly  to  northwesterly  trend,  the  eastern  and 
middle  zones  on  or  near  the  crests  of  ridges  near  the  headwaters  of 
Little  Cottonwood  Creek  and  its  North  Fork,  the  western  zone  close 
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to  the  bed  on  the  main  stream.  (See  fig.  14.)  The  prospects  along 
the  main  stream  can  be  reached  directly  by  a  circuitous  wagon  road, 
with  an  ascent  of  about  5,000  feet.  Prospects  east  of  the  creek 
(main  fork)  can  be  connected  by  short  inclined  tramways  with  this 
wagon  road,  or  by  long  tramways,  like  that  of  the  Mineral  Products 
Corporation,  extending  to  roads  nearer  Marysvale. 

Other  deposits,  only  little  prospected  in  1914,  lie  east  and  south 
of  those  just  mentioned.  The  prospects  on  the  Lost  Horse  and  Mo- 
hawk group  of  claims  are  about  2  miles  farther  from  Marysvale 
than  those  on  the  three  main  zones,  and  are  reached  by  trail  from 
the  Little  Cottonwood  Canyon  road.  Still  others  have  been  re- 
ported to  lie  south  of  the  divide  between  Little  Cottonwood  and 
Tenmile  canyons. 


GENERAL  FEATURES. 

All  the  deposits  thus  far  found  are  doubtless  veins  cutting  por- 
phyry (altered  dacite),  though  in  only  a  few  exposures  have  their 
true  thicknesses  and  exact  trends  been  determined.  The  alignment 
of  prospect  pits  and  trenches  and  the  distribution  of  float,  however, 
indicate  for  the  most  part  trends  of  N.  20°-40°  W.,  though  at  a  few 
openings  the  trend  is  nearly  due  north.  The  dips  of  the  different 
veins  are  for  the  most  part  50°-70*'  W.,  but  vertical  dips  have  been 
noted  at  a  few  places  and  a  steep  easterly  dip  was  recorded  at  one 
obscure  exposure.  None  of  the  veins  have  been  opened  continuously 
along  their  strike,  but  the  alignment  of  openings  indicates  probable 
lengths  of  500  to  800  feet  for  continuous  veins  and  of  1,500  to  5,000 
feet  for  vein. zones.  The  widths  of  the  veins  or  vein  zones  are  con- 
siderable, but  the  prospect  trenches  on  all  but  the  Custer  vein  did 
not,  as  a  rule,  afford  a  satisfactory  estimate  of  the  width  or  thickness. 
The  Custer  vein  contains  an  average  thickness  of  about  10  feet  of 
high-grade  alunite,  on  each  side  of  which  smaller  veins  or  bands  of 
alunite  alternate  with  similar  thicknesses  of  quartz  or  highly  silici- 
fied  porphyry. 

The  best  exposure  in  the  western  zone  is  on  the  L.  &  N.  No.  4  claim 
and  shows  an  exposed  thickness  of  26  feet,  of  which  20^  feet  is  high- 
grade  alunite  and  5^  feet  quartz.  Other  openings  show  thicknesses 
of  8  to  20  feet.  The  veins  are  distinctly  banded,  bands  of  nearly  pure 
alunite  alternating  with  bands  of  quartz.  The  alunite  portions  them- 
selves are  for  the  most  part  banded  by  parallel  to  concentric  mark- 
ings similar  to  those  in  travertine,  or  "onyx  marble,"  and  char- 
acteristic of  open  fissure  fillings,  but  there  is  also  evidence  of  replace- 
ment on  a  minor  scale.  The  general  distribution  of  the  veins  is 
indicated  on  the  surface  by  elongate  to  irregular  areas  of  silicifica- 


242         CONTRIBUTIONS  TO  ECONOMIC  GEOLOGY,  1915,  PABT  I. 

tion,  many  of  which  appear  to  have  determined  the  positions  of 
ridges  and  prominent  peaks  through  their  superior  resistance  to 
erosion. 

Three  varieties  of  alunite  have  been  noted  in  the  veins — coarsely 
crystalline,  fine  grained  to  dense,  and  laminated.  The  coarsely 
crystalline  variety  is  by  far  the  most  common.  It  is  pink  to  reddish, 
and  forms  large  masses  of  columnar  to  platy  crystals  as  well  as  small 
veinlets  that  cut  the  other  two  varieties.  It  is  practically  pure  but 
contains  minute  quantities  of  pyrite  or  limonite  and  silica  (chalced- 
ony and  opal).  It  is  most  readily  recognized  in  the  field  by  these 
properties,  together  with  its  high  specific  gravity  (about  2.82*), 
which  is  distinctly  higher  than  that  of  calcite  (2.71),  the  only  min- 
eral in  the  region  that  is  likely  to  resemble  it  in  crystalline  form. 

The  fine-grained  variety  is  pink  to  white  and  resembles  porcelain 
where  hard  and  chalk  where  softened  by  weathering.  Under  the 
microscope  some  specimens  are  seen  to  consist  almost  entirely  of 
minute  crystals  of  alunite  with  only  an  apparently  negligible  amount 
of  pyrite,  silica,  and  kaolin;  but  in  other  specimens  these  impuri- 
ties are  more  conspicuous.  The  fine-grained  variety  may  resemble 
kaolin,  or  miner's  "talc,"  especially  if  enough  kaolin  is  present 
to  yield  its  characteristic  odor;  but  the  fine-grained  alunite,  like  the 
coarse-grained  variety,  may  be  recognized  by  its  high  specific  gravity. 

The  laminated  or  shaly  variety  differs  from  the  fine-grained 
variety  only  in  its  structure,  which  is  evidently  due  to  shearing 
along  the  plane  of  the  vein.  Such  a  structure  could  have  been 
developed  in  either  of  the  other  varieties. 

DETAILED   DESCRIPTIONS. 

The  following  detailed  descriptions  of  the  alunite,  associated 
quartz,  and  altered  wall  rock  are  given  for  the  benefit  of  those 
especially  interested  in  the  mineralogy  and  genesis  of  the  veins : 

ALTTKITE. 

In  the  coarsely  crystaHlne  variety  of  alunite  the  crystals  have  a  tubular 
form  and  occur  In  diverging  columnar  aggregates  crossed  by  parallel  lines  or 
bands.  In  some  places  the  larger  crystals  extend  across  these  bands;  in  others 
the  bands  mark  either  interruptions  or  possibly  sealed  fractures.  The  diverg- 
ing character  of  the  crystal  aggregates  is  even  more  noticeable  under  the  mi- 
croscope than  in  hand  specimens.  The  rhombohedral  faces  of  the  crystals  are 
not  usually  well  develoi)ed,  but  in  many  places  an  open  cavity  between  two 
bands  shows  well-<ieveloped  rhombohedral  faces,  which,  however,  have  com- 
monly been  etched  by  later  solution.  What  in  the  hand  specimen  appear  to  be 
crystals  are  seen  under  the  microscoj^e  to  be  composed  of  numerous  smaller 
crystals  diverging  from  a  central  axis,  forming  a  striking  plumose  structure. 

^ThiB  figure  is  near  the  average  of  several  determinations  of  Marysvale  alunite  by 
W.  T.  Schaller,  of  the  United  States  Geological  Survey.  According  to  Dana*B  Text- 
book of  mineralogy  (edition  of  1900,  p.  587)  the  specific  gravity  is  2.58  to  2.75. 
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The  lines  marking  the  separation  of  the  bands  forming  the  vein  are  seen 
under  the  microseoiJe  to  consist  of  narrow  bands  of  finely  crj'stalUne  material 
of  various  orientation.  Where  the  larger  crystals  or  aggregates  cross  these 
lines  without  change  in  orientation,  they  give  the  impression  that  the  fine 
material  has  been  deposited  in  fractures  breaking  across  the  crystals.  It  is 
more  probable,  however,  that  a  slight  change  in  conditions  interrupted  deposi- 
tion or  altered  its  rate  and  caused  the  deix>sition  of  several  minute  unorlented 
crystals  instead  of  the  large  crystals,  after  which  a  return  of  the  original  con- 
ditions permitted  the  largest  crystals  to  continue  their  growth,  while  crystalli- 
zation in  part  began  at  new  centers.  Some  of  the  lines  are  due  to  a  change  in 
color  without  change  in  crystal  character  and  are  to  be  attributed  to  slight 
changes  in  the  composition  of  the  depositing  solution,  such  as  the  presence  or 
absence  of  a  trace  of  iron  oxide.  Parallel  wavy  or  concentric  bands  of  this 
tyi)e  are  very  common  in  cavern  deposits  such  as  stalactites,  stalagmites,  and 
crusts  lining  cave  and  fissure  walls,  and  their  presence  in  the  alunite  veins 
is  regarded  as  proof  that  this  variety  of  alunite  was  deposited  as  an  open-fissure 
filling.  Cavities  between  banded  aggregsites  pointed  toward  each  other  mark 
places  where  the  openings  were  not  entirely  filled. 

The  lines  that  mark  the  boundaries  between  crystal  aggregates  growing  away 
from  each  other  require  a  different  explanation.  There  must  have  been  a  sur- 
face or  narrow  strip  of  material  on  which  the  aggregates  began  to  grow  but 
which  is  no  longer  present.  It  is  suggested,  from  evidence  presented  in  a  sub- 
sequent paragraph,  that  there  was  formerly  present  a  narrow  strip  or  sheet 
of  the  fine-grained  alunite,  which  has  since  disappeared  by  recry stall izat Ion 
into  the  coarsely  crystalline  variety. 

As  seen  under  a  low  power  of  the  microscope  the  coarsely  crystalline  variety 
appears  to  be  almost  pure,  but  when  it  is  studied  under  high  power  numerous 
yellow  globular  masses  are  revealed,  most  abundantly  between  the  crystals  or 
along  minute  fractures.  The.se  masses  are  probably  limonite.  Some  small 
spaces  and  also  certain  lines  of  zonal  growth  across  the  crystals  are  filled  or 
marked  by  cloudy  material,  some  of  which  looks  like  kaolin,  some  like  minute 
cubes  of  pyrite,  and  some  like  minute  bubble  inclusions,  while  much  of  it  is 
in  specks  too  small  to  warrant  even  a  suggestion  as  to  their  character.  A  few 
minute  crystals  of  undoubted  pyrite  are  present  in  the  alunite.  It  also  includes 
numerous  irregular  microscopic  masses  of  an  undetermined  mineral  that  appears 
to  be  isotropic  and  has  an  index  of  refraction  below  that  of  alunite.  Some 
of  these  masses  may  be  opal;  others  of  similar  appearance  in  ordinary  light 
j  prove  between  cross  nlcols  to  be  doubly  refracting  aggregates  with  a  bire- 
fringence like  that  of  quartz. 

In  one  si)ecimen  from  the  mouth  of  the  tunnel  on  the  L.  &  N.  No.  4  claim  of 
the  Florence  Mining  &  Milling  Ck>.  the  casts  of  several  crystals  of  a  tetragonal 
or  orthorhombic  mineral  are  present  in  coarsely  crystalline  alunite.  The  casts 
are  as  much  as  half  an  inch  in  length,  about  a  millimeter  in  width,  and  square 
to  diamond  shaped  in  cross  section.  They  are  fringed  by  rows  of  alunite 
crystals  growing  normal  to  the  edges  of  the  casts  and  are  partly  filled  with  a 
brown  powder,  shown  under  the  microscope  to  consist  of  an  indeterminate 
amorphous  material  stained  with  brown  iron  oxide  and  containing  scattered 
crystals  of  alunite.  The  crystal  outline  and  mineral  association  suggest  that 
the  original  mineral  may  have  been  diaspore. 

The  fine-grained,  porcelain-like  variety  is  seen  under  the  microscope  to  be  a 
granular  mass  composed  of  irregular  crystals  of  alunite.  No  distinct  grains 
of  quartz  were  recognized  in  the  few  thin  sections  studied,  although  the  only 
analysis  of  this  variety  shows  the  presence  of  5.28  per  cent  silica.    In  some 
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thin  sections  distinct  tliough  minute  grains  of  pyrite,  partly  or  wholly  oxidized 
to  limonite,  are  thinly  scattered  through  the  alunite  mass.  The  fine-grained 
\ariety  in  part  forms  thin  bands  between  uniformly  oriented  bands  of  the 
coarsely  crystalline  variety  but  for  the  most  part  is  cut  by  parallel  and  linked 
veinlets  of  the  coarsely  crystalline  alunite. 

Where  the  fine-grained  material  alternates  with  uniformly  oriented  bands  of 
the  coarse-grained  material  it  probably  represents  changes  in  conditions  of 
crystallization  in  an  open  fissure;  where  it  is  cut  by  veinlets  of  the  coarse- 
grained alunite  it  was  undoubtedly  the  first  to  form,  and  the  veinlets  were 
probably  in  part  derived  from  it.  Both  megascopic  and  microscopic  study  of 
the  latter  phase  show  that  the  coarse  crystals  in  these  veinlets  have  formed  in 
part,  if  not  wholly,  by  recrystallization  of  the  fine-grained  mass,  single  large 
crystals  growing  at  the  expense  of  many  small  ones.  Lenticular  patches  of  the 
fine-grained  type  inclosed  between  coarse-grained  veinlets  diminish  to  mere  lines 
between  bands  of  crystals,  and  large  crystals  project  into  the  fine-grained 
aggregates  or  may  even  inclo.se  a  few  fine  crystals  just  within  their  boundaries. 
So  far  as  microscopic  data  are  concerned,  this  process  Is  one  of  simple  recrystal- 
lization. The  minute  pyrite  grains  in  the  fine  variety  are  no  more  than  enough 
to  account  for  the  dusty  patches  and  zonal  groups,  some  of  which  are  pyrito 
or  llmonite,  in  the  coarse  crystals.  Silica  is  too  scarce  In  either  variety,  so  far 
as  seen  under  the  microscope,  to  be  of  much  significance  in  this  connection. 
The  small  amount  noted  in  the  coarsely  crystalline  variety  was  formed  either 
at  the  same  time  as  the  alunite  crystals  or  slightly  later  and  may  represent  a 
small  amount  of  submlcroscopic  silica  in  the  fine-grained  type.  Further  col- 
lection and  study  of  impure  phases  of  the  fine-grained  type  are  needed  to  throw 
definite  light  on  this  question. 

No  distinct  transition  between  the  fine-grained  alunite  and  the  silicified  and 
nlunitized  wall  rock  was  noted  in  the  exiwsures  of  rock  in  place.  Coarsely 
crystalline  alunite  was  found  in  direct  contact  with  silicified  rock,  both  at  the 
walls  and  within  the  veins.  Loose  fragments,  however,  along  some  of  the  pros- 
pect trenches  consist  of  rather  highly  alunitized  material  which  still  preserves 
more  or  less  distinctly  the  porphyritlc  texture  of  the  local  wall  rock.  This 
evidence  suggests  that  there  may  be  a  transition  bet\^'een  practically  pure  fine- 
grained alunite  and  the  silicified  and  alunitized  wall  rock. 

The  shaly  or  schistose  variety  was  noted  only  at  exposures  in  and  Just  north- 
west of  the  Gillan-Custer  claims.  It  is  microcrystalline  and  contains  numerous 
slickensided  partings,  which  indicate  a  strong  shearing  movement  along  the  vein. 
It  consists,  like  the  other  varieties,  of  almost  pure  alunite  in  which  there  are 
a  few  minute  crystals  of  pyrite  (or  llmonite).  It  also  contains  veinlets  and 
small  vugs  of  coarsely  crystalline  alunite,  so  arranged  as  to  leave  little  doubt 
that  they  have  resulted  from  local  recrystallization  of  the  sheared  alunite 
where  small  fractures  made  conditions  favorable. 

QITASTZ. 

The  quartz  bands  that  alternate  with  those  of  alunite  have  been  noted  in  the 
western  vein  zone  (see  fig.  14)  and  in  the  Custer  or  eastern  zone.  Further 
developments  will  doubtless  prove  their  existence  in  the  middle  zone  as  well. 
The  bands  consist  of  dense  or  microcrystalline  quartz  with  a  little  pyrite  in 
fine  grains.  In  places  they  show  a  faint  trace  of  porphyritlc  texture,  suggest- 
ing replacement  of  porphyry  rather  than  open-fissure  filling.  In  the  western 
zone,  as  shown  on  page  249,  the  quartz  bands  occur  at  Irregular  intervals 
throughout  the  width  of  the  vein;  In  the  Custer  or  eastern  zone  they  alter- 
nate with  smaller  veins  of  alunite  on  each  side  of  the  main  alunite  body.    The 
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contrast  in  character  between  this  dense  form  of  quartz,  or  highly  sUiclfied 
porphyry,  and  the  pure  crystalline  alunite  is  striking  and  not  satisfactorily 
explained  from  the  evidence  at  hand. 

WALL  ROOK. 

Alteration  of  the  wall  rock  along  the  alunite  veins  is  pronounced  and  extends 
for  many  feet  on  each  side.  The  altered  rock,  daclte  porphyry,  is  white  to  pale 
pinkish  where  not  stained  by  iron  oxides  and  of  dull  or  chalky  luster.  The 
original  porphyrltic  texture  is  distinctly  preserved  and  is  especially  prominent 
on  iron-stained  surfaces,  where  the  iron  oxides  have  colored  the  groundmass 
but  not  the  phenocrysts.  The  principal  minerals  present  are  quartz,  alunite, 
and  pyrlte,  with  small  amounts  of  llmonite,  kaolin,  apatite,  and  zircon. 

The  alunite,  as  seen  in  thin  section,  occurs  principally  as  interlocking  aggre- 
gates of  lath-shaped  crystals,  either  pure  or  accompanied  by  some  secondary 
quartz,  replacing  feldspar  phenocrysts.  These,  as  suggested  by  their  outlines 
and  by  the  character  of  feldspar  phenocrysts  in  this  tyi)e  of  rock  in  general, 
were  probably  mostly  if  not  all  of  plagloclase,  the  soda-lime  feldspar.  Alunite 
also  forms  smaller  aggregates  and  single  crystals  scattered  through  the  ground- 
mass  but  hardly  in  great  enough  amount  to  represent  all  the  original  feld- 
spathlc  material  of  the  groundmass. 

The  quai*tz  occurs  as  original  phenocrysts  which  have  been  only  slightly, 
if  at  all,  affected  during  the  alteration  process.  The  only  suggestions  of  their 
alteration  are  where  alunite  laths  penetrate  their  edges  and  where  an  alunite 
lath  is  found  wholly  within  a  quartz  phenocryst.  The  penetrating  alunite 
laths  may  merely  represent  small  original  embayments  of  the  phenocryst  by 
the  groundmass,  but  tlie  presence  of  an  alunite  lath  within  a  quartz  phenocryst 
f^uggests  that  the  quartz  may  have  been  to  a  slight  extent  replaceable  by  the 
alunite.  Quartz  in  very  minute  granular  aggregates  now  forms  the  greater 
part  of  the  groundmass  and  must  have  replace/l  at  least  a  part  of  the  original 
material,  as  no  feldspar  of  any  kind  could  be  recognized.  The  groundmass  is 
cloudeil  by  a  very  fine  dust,  which  may  be  in  part  kaolin  but  is  probably  for 
the  most  part  minute  grains  of  pyrlte  and  llmonite.  A  few  small  velnlets  and 
Irregular  aggregates  of  secondary  quartz  are  present,  and  some  of  them  contain 
a  few  laths  of  alunite  which  evidently  grew  at  the  same  time  as  the  quartz. 

The  presence  in  the  same  thin  section  of  a  parallel  growth  of  secondary 
quartz  and  alunite  and  of  primary  quartz  phenocrysts  penetrated  by  alunite 
appears  contradictory,  but  the  material  observed  is  so  scant  and  in  grains  so 
small  that  no  great  slgniiicance  can  be  attached  to  it. 

The  pyrlte  forms  evenly  scattered  grains  as  much  as  1  millimeter  or  more  in 
diameter  and  constitutes  4  or  5  per  cent  of  the  rock.  It  is  equally  abundant  in 
association  with  the  alunite  aggregates  and  with  the  secondary  quartz  In  the 
groundmass,  and  It  crystallized  at  the  same  time  as  these  minerals.  The  promi- 
nence of  pyrlte  in  the  wall  rock  is  in  marked  contrast  to  Its  obscurity  in  the 
alunite  veins.  The  absence  of  the  black  silicates,  augite,  hornblende,  and  biotite, 
in  the  altered  wall  rock  is  also  noteworthy,  and  it  may  be  that  the  iron  origi- 
nally present  in  these  minerals  is  now  largely  contained  in  the  pyrlte. 

Kaolin  is  present  In  varying  though  small  amounts,  probably  as  minute  specks 
closely  associated  with  alunite  In  the  replaced  feldspar  phenocrysts.  Its  pres- 
ence may  be  detected  by  the  rather  weak  but  characteristic  odor  of  the  moistened 
specimen.  Llmonite  Is  present  as  brown  surface  stains  and  varies  in  amount 
with  the  degree  of  oxidation  of  the  pyrlte.  Small  apatite  and  zircon  crystals, 
unaffected  by  the  alteration  process,  are  rather  abundant  in  some  thin  sections. 
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It  !s  clear  from  these  data  that  the  magnesia,  llme»  and  soda  originally  in  the 
wall  rock  were  removed,  while  silica,  the  sulphide  and  sulphate  radicles,  and 
w^ater  were  lntroduce<l.  Until  analyses  of  the  fresh  and  altered  rock  can  be 
compared  it  can  not  be  determined  whether  aluminum,  iron,  or  potassium  were 
added  or  remained  in  practically  their  original  amounts.  Furthermore, 
although  the  al unite  occurs  mostly  as  a  replacement  of  soda-lime  feldspar,  it  is 
not  known  whether  the  alunite  in  tlie  rock  is  the  pure  potassium  variety,  like 
that  in  the  veins,  or  the  sodic  variety.  In  either  case,  some  potassium  w^as  in- 
troduced into  the  feldspar  phenocrysts,  but  the  amount  originally  in  the  ground- 
mass  would  doubtless  have  been  enough  to  account  for  the  potassium  in  sodic 
alunite,  whereas  some  additional  supply  may  have  been  necessary  to  account  for 
potash  alunite,  especially  where  the  alunitization  of  the  porphyry  is  most 
pronounced. 

A  preliminary  examination  of  the  wall  rock  of  other  than  alunite  veins  in 
the  region  has  not  disclosed  the  presence  of  alunite,  though  a  more  thorough 
study  may  do  so.  It  may  be  noted,  however,  that  metallic  minerals  are  reported 
from  prospects,  now  inaccessible,  around  Eklna  Peak  (locally  called  Edna 
Geyser),  where  alunitization  of  the  rock  is  pronounced. 

CHEMICAL  COMPOSITION. 

The  following  analyses  of  Marysvale  alunite,  which  are  all  at 
present  available,  show  the  character  of  the  coarsely  crystalline  and 
dense  white  varieties : 

Analyses  of  alunite  from  Marysvale  region y  Utah. 
Cmde  alunite  from  Caster  troap." 


Alumina  (AliOa) 

Ferric  oxide  (Fe*Oj) 

Salphuric  anhydride  (SOs) . . 
Phosphoric  anhydride  (PiO*) 

Potash  (KjO) 

Soda(Na«0) 

Water  above  105"  C.  (H,0-|-). 
Water  below  105'  C.  (HjO-). 
Silica  (SIO«) 


37.18 

Trace. 

38.34 

.58 
10.46 

.33 
IZOO 

.09 

.22 


100.10 


100.18 


34.40 
Trace. 

37.0 

36.54 
.50 

38.6 

9.71 

>    .56 

13.08 

.11 

11.4 
13,0 

5.28 

loao 


a  Copied  from  U.  6.  Oed.  Survey  Bull.  511,  p.  8. 

1.  Selected  ispocimen  of  clear  pink,  subtransparent,  coarsely  granular  crystalline  alunite.    SuppoatMlly 
best  material.    W.  T.  Schaller,  analyst. 

2.  Selected  speoimeji  of  a  lieht-pink ,  very  finel v  granular  rock,  of  almost  poroelaln-like  concholdal  fracture 
and  no  distinct  stnicture.    W.  T.  Schaller,  analyst. 

3.  Theoretical  composition  according  to  Dana,  Textbook  of  mineralogy,  1900  edition,  p.  537. 

Coarsely   crystalline  alunite   from  Florence  Mining  &  MUling  Co.'s   claims. 


Loss  on  Ignitlcm 

Insoluble  residue  (alumina  with  perhaps  a  little  silica) 

Potassium  sulphate  (K9SO4) 

Equivalent  potash  (KjO) 


4.  1,000-pomid  sample  from  Sunshine  Fraction  claim. 

5.  1,000-pound  sample  from  North  Fork  olaim. 


42.1 

37.6 
1S.5 

lao 
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Caldncd  alnnlto. 

[Said  to  repreaent  the  average  of  the  coarsely  crystalline  alunite  used  in  analyses  4  and  5.    Determined 

by  fusion  wltn  sodium  carbonate.] 


SiUca(SiOs) 

Alumina  (AlaOs) 

Ferric  oxide  (Fe«Os) 

Sulphuric  annydridiB  (SOs) 

Potassa(KsO) * 

Lime(Cap) 

ICagnesIa  (MgO) 


4a 


00.22 


5a 


0.03 

0.72 

61.1 

61.1 

1.6 

1.1 

10.0 

18.1 

17.2 

18.6 

None. 

None. 

.20 

.31 

00.03 


[The  same  material  determined  by  leaching.] 

4b 

fib 

Tn.«MJuble  rftsidne. , , . . . 

61.8 

32.6 

4.4 

62.2 

Pot<^«ffhini  flnlphftt«  (KjSOi) 

32.0 

Aluminum  .sufnhat^ '( A Ws(^*)i'i 

6.0 

08.8 

00.2 

4  and  5,  4a  and  5a,  4b  and  5b  made  by  Solvay  Proooss  Co.  for  Florence  Mining  &  Milling  Co. 

Comparison  of  analyses  4  and  5  with  No.  1  shows  that  the  coarsely 
crystalline  alunite  in  the  prospects  on  the  Sunshine  Fraction  and 
North  Fork  claims  (Nos.  11  and  14,  respectively,  in  fig.  14),  south 
and  southeast  of  Edna  Peak,  is  practically  identical  in  composition 
with  that  in  the  Gillan-Custer  prospects  and  is  almost  entirely  free 
from  impurities.  Microscopic  examinations  of  coarsely  crystalline 
alunite  from  prospects  west  of  Edna  Peak  indicate  a  similar  degree 
of  purity.  Material  of  this  quality  is  fit  for  the  extraction  of  both 
potash  salts  and  alumina,  as  well  as  for  the  manufacture  of  alum  and 
for  use  as  fertilizer. 

Analysis  2  shows  that  the  fine-grained  variety  contains  a  consider- 
able amount  (5.28  per  ^ent)  of  silica.  More  analyses  of  material  of 
this  type  would  doubtless  show  some  variation  in  silica  content.  An 
amount  of  silica  as  great  as  5  per  cent  is  sufficient  to  increase  con- 
siderably the  cost  of  extraction  of  alumina  in  a  form  sufficiently  pure 
to  be  used  in  the  manufacture  of  metallic  aluminum — so  much,  per- 
haps, as  to  render  it  unprofitable — but  it  does  not  unfit  the  material 
for  the  manufacture  of  alum  or  for  use  as  fertilizer. 

Recalculation  of  analysis  1  shows  it  to  contain  92.74  per  cent  of  the 
])otash  alunite  molecule  (K.O.3AI2O3.4SO3.6H2O).  The  amount  of 
soda  present  is  equivalent  to  3.98  per  cent  of  soda  alunite,  but  the 
total  water  in  excess  of  that  required  by  the  potash  alunite  is  not 
enough  to  satisfy  this  amount.  Alumina  in  excess  of  the  amount  re- 
quired by  the  total  alunite  amounts  to  1.43  per  cent,  and  the  corre- 
sponding excess  of  the  sulphate  radicle  is  0.88  per  cent.    Some  of  this 
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alumina  may  be  combined  with  the  sulphate,  some  with  the  phosphate 
radicle,  and  some  with  silica,  but  nearly  or  quite  all  such  natural 
compounds  contain  water,  which  according  to  the  analysis  is  not 
present.  The  silica,  furthermore,  is  believed  to  represent  the  small 
amounts  of  quartz  and  opal  noted  under  the  microscope. 

Recalculation  of  analysis  2  shows  it  to  contain  85.28  per  cent  of  the 
potash  alunite  molecule  and  5.57  per  cent  of  the  soda  alunite  mole- 
cule, with  excesses  of  0.71  per  cent  of  alumina,  1.36  per  cent  of  the 
sulphate  radicle,  and  0.04  per  cent  of  total  water.  The  deficiency  of 
water  again  precludes  the  expression  of  these  excesses  as  natural 
minerals.  The  predominance  of  excess  sulphate  radicle  in  analysis  2 
is  in  contrast  to  the  predominance  of  excess  alumina  in  analysis  1, 
and  the  discrepancy  also  indicates  that  these  materials  are  not  present 
as  definite  compounds  but  are  probably  occluded  in  the  alunite.  The 
silica  in  analysis  2  is  greatly  in  excess  of  that  required  to  form  kaolin 
with  the  excess  alumina  and  doubtless  represents  one  or  more  varieties 
of  free  silica. 

FBOSFECTS. 
PRINCIPAL   GROUPS. 

The  principal  groups  of  alunite  prospects  lie  in  three  roughly 
parallel  zones  of  northerly  to  northwesterly  trend.  (See  fig.  14, 
p.  240.)  The  western  and  middle  zones  are  within  the  property  con- 
trolled by  the  Florence  Mining  &  Milling  Co.,  whose  headquarters 
are  at  Philadelphia,  Pa.,  but  it  is  reported  that  some  of  the  claims 
along  the  western  zone  have  been  relocated  in  1915,  and  their  owner- 
ship is  at  present  in  doubt.  The  eastern  zone  has  its  north  end 
within  the  southeast  corner  of  the  same  property  but  lies  for  the 
most  part  within  the  Gillan-Custer  group  of  claims,  which  belong 
to  the  Mineral  Products  Co.,  of  Chicago,  111.,  and  is  operated  by  the 
Mineral  Products  Corporation,  of  Marysvale,  Utah. 

WESTERN   ZONE. 

The  western  zone  trends  northwestward  and  roughly  parallels  the 
north  headwater  branch  of  Little  Cottonwood  Creek.  Alunite  has 
been  exposed  at  a  number  of  places  in  this  zone.  Near  the  Little 
Cottonwood  Canyon  and  Bullion  Canyon  divide,  on  the  L.  &  N. 
No.  4  claim,  a  vein  striking  N.  40°  W.  and  dipping  about  40°  W.  is 
exposed  for  a  distance  of  40  feet  along  a  N.  25°  E.  trench  (No.  1^) 
and  for  GO  feet  along  a  N.  70°  W.  tunnel.*  The  tunnel  portal  and 
the  north  end  of  the  trench  are  at  the  northeast  wall  of  the  vein, 

^  Numbers  in  parentheses  correspond  to  numbers  in  figure  14  (p.  240). 

>  It  is  reported  that  since  the  writer's  visit  this  tunnel  has  been  extended  for  100  feet 
along  the  vein  and  is  in  alunite  all  the  way.  (Oral  communicaUon  by  W.  A.  Fitapa trick, 
Florence  Mining  ft  Milling  Co.) 
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but  the  southwest  wall  has  not  been  found.  The  true  width  at  this 
place  is  therefore  not  known  but  is  at  least  35  feet,  and  the  corre- 
sponding true  thickness  is  at  least  25  feet  The  following  section, 
made  along  the  trench,  diows  that  the  vein  contains  at  this  place 
about  80  per  cent  of  high-grade  alunite,  the  true  thickness  being  20^ 
feet  of  alunite  and  5^  feet  of  quartz. 

Section  along  trench  at  locality  No.  i. 

Northeast  waU  of  alunltized  and  pyritized  porphyry.  Feet 

Ck)ar8e  crystaUlne  alunite 2i 

Quartz 2 

Coarse  crystaUine  alunite 1 

Quartz 3 

Coarse  crystalline  alunite 9i 

Quartz i 

Coarse  crystalline  alunite 7i 

26 

The  alunite,  quartz,  and  wall  rock  are  typical  and  need  no  further 
descnption. 

At  80  feet  noithwest  of  the  tunnel  portal  float  of  alunitized  por- 
phyry and  some  well-crystallized  alunite  are  exposed  in  a  line  of 
shallow  trenches.  Farther  northwest,  on  the  crest  of  the  divide, 
alunite  fragments  are  exposed  in  a  small  cut  (No.  2).  These  occur- 
rences suggest  a  forking  of  the  vein  or  two  or  three  parallel  veins. 
Just  north  of  the  crest  of  the  ridge  and  about  250  feet  northeast  of 
the  cut  last  mentioned  are  two  shallow  cuts  (No.  3),  exposing  alunite, 
which  appears  to  be  a  vein  of  northwesterly  trend,  8  feet  wide. 

Southeast  of  the  tunnel  alunite,  mostly  in  loose  fragments,  has 
been  exposed  in  three  shallow  trenches,  the  southeasternmost  of 
which  (No.  4)  lies  about  650  feet  from  the  tunnel.  An  old  shaft 
dump  (No.  6)  just  northeast  of  the  middle  trench  and  400  feet  from 
the  tunnel  consists  largely  of  alunitized  rock.  At  none  of  these 
places  has  suflScient  work  been  done  to  show  the  direction  and  width 
of  the  vein  or  its  percentage  of  high-grade  alunite.  The  position 
of  the  vein  at  the  tunnel  suggests  either  that  the  southeasternmost 
of  the  three  cuts  may  represent  a  parallel  vein,  or  that  the  vein  has 
been  offset  by  faulting. 

The  next  exposure  of  alunite  to  the  southeast  is  an  outcrop  (No.  6) 
close  to  the  east  bank  of  the  creek,  1,500  feet  from  the  cut  last  men- 
tioned, and  in  line  with  the  strike  of  the  vein  exposed  in  the  tunnel. 
From  500  to  1,000  feet  farther  south  alunite  and  alunitized  rock 
have  been  exposed  in  a  group  of  small  cuts  and  in  two  short  tunnels 
(No.  7).  Alunite  float  has  been  reported  along  the  east  side  of  the 
creek  for  the  next  1,500  feet  southeastward  (Nos.  8  and  9),  but  little 
or  no  development  work  had  been  done  on  it  up  to  the  fall  of  1914. 

10427**--BuU.  620—16 17 
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MIDDLE  ZONE. 

The  middle  zone  extends  along  the  crest  of  the  ridge  which  divides 
the  North  Fork  from  Little  Cottonwood  Creek.  Alunite  has  been 
traced  in  this  zone  from  Edna  Peak  southward  to  the  fork  of  the 
ridge  but  has  been  prospected  thus  far  only  by  shallow  trenches. 

At  Edna  Peak  alunite  has  been  found  both  on  the  northwest  and 
southeast  slopes.  Only  one  vein,  that  on  the  southeast  slope  of  the 
peak,  has  been  traced,  and  no  work  has  been  done  to  determine 
whether  the  exposure  on  the  northwest  slope  is  a  branch  of  the  same 
vein  or  is  a  parallel  vein  whicH  pinches  out  toward  the  south.  About 
900  feet  south  of  Edna  Peak  the  alunite  vein,  which  strikes  N.  15° 
E.  and  dips  steeply  to  the  east,  is  shown  in  a  trench  (No.  10)  to  have 
a  width  of  over  15  feet,  but  neither  wall  is  exposed.  Farther  south 
it  is  partly  exposed  in  five  trenches  (No.  11)  and  has  an  average  dip 
of  about  50°  W.  The  length  exposed  by  the  six  trenches  is  about 
650  feet;  the  length  from  Edna  Peak  to  the  southernmost  of  these 
trenches  is  about  1,550  feet.  Beyond  the  southernmost  trench  the 
vein  appears  to  have  stopped  abruptly,  but  the  surface  is  so  thickly 
covered  by  loose  rock  that  it  is  impossible  to  determine  on  the  sur- 
face whether  the  vein  pinches  out  or  is  cut  off  by  a  fault,  as  sug- 
gested in  figure  14.  Nearly  400  feet  farther  south  and  a  little  east 
of  the  course  of  the  vein  a  small  amount  of  alunite  has  been  exposed 
in  three  shallow  trenches  (No.  12),  but  not  enough  work  has  been 
done  here  to  demonstrate  the  size  of  the  vein.  The  abundance  of 
alunite  float  down  the  slope  east  of  these  trenches  suggests  that  the 
strongest  vein  at  this  place  has  not  been  uncovered.  No  further 
excavations  have  been  made  to  test  the  southward  extent  of  this 
zone.  A  partial  analysis  of  coarsely  crystalline  alunite  from  this 
vein,  on  the  Sunshine  Fraction  claim,  is  given  in  column  4  of  the 
table  on  page  246. 

EASTERN  ZONE. 

The  eastern  zone  includes  three  distinct  groups  of  exposures  and 
probably  three  or  more  veins.  It  has  been  prospected  on  the  spur 
southwest  of  the  North  Fork  of  Little  Cottonwood  Creek,  as  shown 
in  figure  14.  The  prospects  farthest  to  the  northwest  include  three 
pits  on  the  ground  of  the  Florence  Mining  &  Milling  Co.  The  west- 
em  pit  (No.  13)  exposes  alunite,  which  is  also  represented  by  float 
on  the  knob  directly  to  the  south.  About  200  feet  due  east  of  this  pit 
are  two  shallow  trenches  (No.  14)  mostly  in  loose  fragments  of 
alunite  and  altered  rock  but  also  exposing  high-grade  material  in 
place.  The  strike  of  the  vein  here  is  N.  5®  E.,  and  the  exposed  width 
of  high-grade  alunite  is  15  feet.  The  strike  of  the  vein  proves  it  to 
be  distinct  from  the  alunite  exposed  to  the  west.    A  partial  chemical 
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analysis  of  the  alunite  is  given  on  page  246,  column  5,  and  agrees 
closely  with  the  other  analyses  of  high-grade  alunite. 

The  remaining  exposures  in  the  eastern  zone  are  in  the  prospects 
on  the  property  of  the  Mineral  Products  Corporation,  as  shown  in 
figure  14.  These  were  the  only  developments  in  1911,  when  the  data 
for  Survey  Bulletin  511  were  collected.  Since  then  considerable 
work  has  been  done  on  this  property.  It  was  idle  when  visited  in 
1914  but  was  examined  in  October,  1915,  by  Mr.  Gale,  whose  descrip- 
tion of  the  newer  developments  is  as  follows : 

The  developments  on  the  Gillan-Custer  group  of  claims  have  been 
by  far  the  most  active.  They  have  included  the  opening  of  two 
principal  tunnels  in  the  effort  to  determine  the  extent  and  con- 
tinuity of  the  alunite  imderground  and  the  sinking  of  numerous 
shallow  pits,  shafts,  and  tunnels  with  the  object  of  tracing  the  veins. 

The  first  or  lower  tunnel  on  this  property  was  run  in  below  most 
of  the  surface  croppings  of  alunite,  in  an  effort  to  cut  the  main  vein 
at  depth.  For  a  time  it  seemed  as  if  the  vein  had  been  missed,  but  in 
the  final  developments  on  this  level  the  ore  was  found  and  followed 
for  some  distance  in  line  with  and  almost  dii'ectly  under  the  later 
development  in  an  upper  tunnel.  Work  at  this  level  was  discontinued 
pending  further  explorations  higher  up  and  nearer  the  outcrops. 

The  main  tunnel,  or  present  working  mine  (October,  1916),  is 
&bout  200  feet  higher  than  the  old  tunnel.  Its  portal  lies  just  about 
over  the  last  extension  of  the  lower  tunnel  in  the  line  of  the  vein. 
It  starts  on  an  exposure  of  massive  crystalline  alunite  which  trends 
about  N.  55°  W.  and  dips  about  75°  S.  as  measured  on  the  bands  of 
crustification  in  the  vein.  At  the  east  side  of  the  portal  is  siliceous 
wall  rock  containing  some  alunite  and  stained  rusty  red  so  that  in 
appearance  it  is  much  like  the  ore.  This  tunnel  was  driven  along 
the  ore  with  the  intention  of  following  the  footwall  side  but  passed 
through  several  breaks  or  offsets  whose  origin  and  relation  to  the 
ore  were  not  fully  indicated.  Thei-e  was  some  difficulty  in  follow- 
ing the  ore,  but  at  the  time  of  visit,  late  in  October,  1915,  the  vein  had 
again  been  picked  up  and  mining  and  developments  were  proceed- 
ing in  a  very  satisfactory  way.  These  developments  are  following 
directly  underneath  the  line  of  surface  cuts,  which  expose  wide  sec- 
tions of  the  alunite  vein,  as  described  in  Bulletin  511. 

The  underground  work  done  in  the  exploration  and  development 
of  this  property  has  disclosed  a  greater  irregularity  both  in  char- 
acter and  continuity  of  the  main  veins  than  was  expected  from  the 
larger  and  apparently  uniform  exposures  of  crystalline  alunite 
in  the  surface  cuts  above.  However,  it  appears  that  these  workings 
have  now  opened  an  ore  reserve  large  enough  to  insure  the  operation 
of  the  plant  for  some  time  and  that  there  is  a  good  prospect  of  run- 
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ning  into  a  larger  body  of  high-grade  ore  beyond,  where  the  surface 
exposui^es  above  are  complete  and  apparently  very  regular. 

It  has  not  been  satisfactorily  determined  whether  the  irregular- 
ities found  in  the  alunite  veins  are  due  to  faulting  or  offsets  of  the 
veins  since  their  formation,  or  whether  they  are  an  original  feature 
of  the  deposits.  A  number  of  fissures  encountered  in  the  present 
workings  are  filled  with  a  smooth  and  very  plastic  red  clay,  in  places 
containing  angular  fragments  of  the  wall  rocks.  Here  and  there, 
however,  the  original  crustification  in  the  main  alunite  vein  appears 
to  pass  these  clay  seams  without  offset.  Some  of  these  clay  seams 
are  accompanied  by  cross  veins  of  crystalline  alunite,  which  are 
evidently  secondary  to  the  main  deposit.  Owing  to  obscurity  of  the 
vein  walls  and  of  the  relations  at  the  points  where  discontinuity  of 
the  vein  has  been  found,  it  can  not  yet  be  stated  to  what  these  irregu- 
larities are  due,  although  doubtless  this  relation  will  become  clear 
as  mining  developments  proceed. 

The  mine  as  now  equipped  is  capable  of  supplying  150  to  200  tons 
of  milling  ore  a  day  and  its  capacity  can  be  increased. 

OTHER  PROSPECTS. 

Other  indications  and  prospects  thus  far  reported  lie  to  the  east 
and  south  of  the  zone  just  described.  The  following  notes  give  the 
only  available  information  on  them  at  the  time  of  writing : 

Iron  Blossom  group. — ^The  prospects  on  the  Iron  Blossom  group 
of  claims  have  not  been  seen  by  the  writer.  There  are  said  to  be 
two  occurrences  of  alunite  in  place,  one  on  each  slope  of  the  North 
Fork  canyon,  and  one  occurrence  of  alunite  float  between  them  close 
to  the  bed  of  the  creek.  The  deposit  on  the  southwest  slope  of  the 
canyon  is  near  those  at  the  northwest  end  of  the  Mineral  Products 
Corporation's  ground  and  evidently  belongs  to  the  same  vein  zone. 
The  other  occurrences  presumably  represent  two  additional  veins, 
but  no  definite  information  regarding  them  has  been  obtained. 

GUlcerCs  claims. — Alunite  has  recently  been  found  on  Tom  Gillan's 
claims  in  the  foothills  3  miles  southwest  of  Marysvale  and  three- 
fourths  of  a  mile  east  of  the  Deer  Trail  mine.  According  to  Mr. 
Gale,  the  alunite  occurs  in  veins  and  bunches  associated  with  a  silici- 
fied  zone  in  porphyry  of  the  same  character  as  that  which  forms  the 
country  rock  about  the  main  alunite  deposits  higher  up  in  the  moun- 
tains. Both  coarse  and  fine  grained  varieties  of  alunite  are  present, 
and  the  color  ranges  from  white  through  yellow  to  pink.  Although 
there  are  some  large  blocks  of  high-grade  ore  at  this  locality,  the 
indications  of  an  ore  body  are  not  so  strongly  marked  by  float  as  at 
the  main  veins  of  the  district.  A  specimen  sent  to  the  writer  by 
Mr.  Heikes  consists  of  the  fine-grained  variety,  considerably  sheared 
and  accompanied  by  broken  stringei*s  of  quai*tz. 


ALUNTTE  DEVELOPMENTS  NEAR  MARYSVALE  AND  BEAVER,  UTAH.    253 

Santa  Krme  claims, — A  specimen  sent  by  A.  Soyka,  said  to  be 
from  the  Santa  Kruze  No.  4  claim,  4,000  feet  southeast  of  the 
Krotki  iron  mine,  was  tested  at  the  Survey  laboratory  and  found 
to  be  alunite  of  good  quality.  This  district  doubtless  deserves 
investigation. 

Mohawk  grov/p. — ^The  Mohawk  group  is  located  on  the  north  side 
of  Mill  Fork  of  Little  Cottonwood  Creek,  nearly  due  south  of  the 
prospects  on  the  western  vein  zone.  According  to  Mr.  Gale,  new  de- 
velopments on  the  property  include  a  tunnel  and  a  shaft.  The  shaft 
at  the  time  of  his  visit  was  30  feet  deep,  and  in  a  short  crosscut  10 
feet  to  the  south  some  fine-grained  white  material  of  uncertain 
alunite  content  had  been  exposed.  Since  Mr.  Gale's  visit  it  has  been 
reported  that  the  shaft  had  been  sunk  to  a  depth  of  35  feet  and  had 
exposed  some  massive  alunite.  The  tunnel  was  being  driven  N.  14° 
W.  to  reach  the  shaft  at  a  depth  of  200  feet  below  its  present  bottom. 

Lost  Horse  group, — ^The  Lost  Horse  group  of  claims  extends  along 
the  east  side  of  the  crest  of  the  range,  south  of  Mill  Fork  and  the 
Mohawk  group.  Alunite  has  been  found  in  place  at  two  prospects, 
and  float  has  been  followed  at  several  others.  These  places  lie  in  a 
nearly  north-south  zone  but  are  hardly  close  enough  together  to  be 
regarded  as  strong  indications  of  a  continuous  vein,  especially  when 
the  northwesterly  trends  of  the  vein  farther  north  (see  fig.  14)  are 
considered.  The  alunite  in  place  was  found  in  the  summer  of  1914  by 
trenching  into  a  slope  where  float  was  abundant,  but  not  enough 
work  was  done  to  determine  the  width  or  trend  of  the  vein.  The 
alunite  exposed  here  is  a  mixture  of  the  coarsely  crystalline  and  fine 
chalky  varieties,  the  coarse  material  forming  a  network  of  veins 
through  the  fine.  At  the  southernmost  occurrence  of  float,  on  the 
saddle  where  the  Beaver-Mary svale  trail  crosses  the  divide,  three 
or  four  short  trenches  have  been  dug,  exposing  a  considerable  amount 
of  the  chalky  variety,  a  small  part  of  which  is  stained  reddish  or 
brown.  The  other  float  occurrences  were  not  seen.  No  analyses  of 
ahmite  samples  from  this  property  have  been  reported. 

ORIGIN  OF  THE  DEPOSITS. 

So  far  as  origin  of  the  alunite  veins  is  concerned,  the  evidence 
presented  in  the  preceding  pages  practically  confirms  the  statements 
of  Butler  and  Gale,^  that  the  veins  were  formed,  for  the  most  part,  in 
open  fissures  and,  in  addition,  suggests  that  a  part  of  the  fine-grained 
alunite  may  have  been  formed  as  a  replacement  of  porphyry.  In  this 
respect,  as  well  as  in  the  alteration  of  the  wall  rock,  the  mode  of 
deposition  was  similar  to  that  of  the  Sheep  Rock  deposit,  described  on 

»  U.  S.  Geol.  Survey  Bull.  511,  pp.  7,  20,  1912. 
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pages  258-264,  but  replacement  accounts  for  practically  all  the 
Sheep  Kock  deposit  instead  of  a  part  of  it.  Regarding  the  source 
of  the  alunite- forming  solutions,  no  evidence  has  been  found  at  vari- 
ance with  the  hypothesis  of  Butler,*  which  is  briefly  as  follows: 

During  and  just  subsequent  to  the  consolidation  of  the  intrusive 
masses  all  the  rocks  in  the  region,  both  sedimentary  and  igneous,  were 
fissured.  Along  these  fissures  ascended  heated  solutions  believed  te 
have  been  deriyed  from  the  intrusive  magixia.  Within  the  intrusive 
mass  they  were  highly  heated,  probably  under  considerable  pres- 
sure, and  deposited  minerals  characteristic  of  this  condition.  As 
they  passed  into  the  cooler  overlying  rocks  both  temperature  and 
pressure  were  reduced,  and  the  valuable  metalliferous  veins  of  the 
region  were  deposited.  These  veins  were  formed  in  two  stages,  the 
earlier  one  characterized  by  carbonate  gangue  minerals  and  the  later 
by  quartz  and  adularia.  The  adularia  is  of  special  interest,  as  it  is  a 
pure  potassium-aluminum  silicate  and  indicates  a  certain  concentra- 
tion of  these  elements  during  the  later  stages  of  vein  deposition. 

The  alunite  veins  are  thought  to  represent  a  still  later  stage  of 
deposition,  characterized  by  a  much  higher  concentration  of  potassium 
and  aluminum  in  the  form  of  sulphate.  Structural  evidence  indicat- 
ing this  relation  of  the  alunite  to  the  metalliferous  veins  is  not  yet 
complete.  The  relation  is,  however,  suggested  by  the  mode  of  occur- 
rence of  alunite  in  other  regions,  where  general  conditions  indicate 
that  the  mineral  was  deposited  at  shallow  depth  and  at  moderate  to 
low  temperature.  The  relative  rarity  of  alunite  deposits  compared 
with  quartz-adularia  veins  in  this  country  and  abroad  may  be  due  to 
the  fact  that  they  are  formed  near  the  surface  and  consequently  have 
in  only  a  few  places  been  preserved. 

According  to  this  interpretation,  it  is  to  be  expected  that  in  places 
alunite  veins  will  be  found  superimposed  on  quartz-adularia  veins. 
It  might  be  supposed  that  the  quartz  bands  which  alternate  with 
alunite  bands  in  several  exposures  represent  the  quartz-adularia 
stage  and  that  the  alunite  is  a  later  deposit  introduced  after  the 
quartz  vein  had  been  reopened  by  longitudinal  fracturing.  Such 
may  prove  to  be  the  relation  in  some  deposits,  but  no  quartz  bands  in 
the  veins  have  been  found  with  the  characteristic  hackly  structure  of 
the  quartz-adularia  veins,  and  microscopic  study  of  the  wall  rock 
shows  simultaneous  deposition  of  quartz,  alunite,  and  pyrite.  It  is 
more  probable,  therefore,  that  the  quartz  bands  were  formed  during 
the  same  stage  of  deposition  as  the  alunite,  as  in  the  Sheep  Rock 
deposit  described  on  page  262. 

Where  alteration  along  the  quartz-adularia  veins  was  most  intense 
potassium  and  aluminum  were  nearly  or  quite  all  removed  from  the 

» U.  S.  Geol.  Survey  Bull.  511,  pp.  21,  38,  1912. 
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wall  rock.  In  the  wall  rock  of  the  alunitld  veins,  however,  alunite 
appears  to  be  sufficiently  abundant  to  account  for  all  the  potassium  of 
the  original  rock,  and  it  is  therefore  certain  that  the  rock  immediately 
adjacent  to  the  alunite  veins  did  not  supply  the  potassium  to  them  by 
lateral  secretion.  In  fact,  where  the  wall  rock  has  been  replaced  by 
the  fine-grained  alunite  there  must  have  been  a  considerable  addi- 
tion of  potassium  to  the  amount  already  present.  It  is  possible, 
however,  that  at  least  a  part  of  the  potassium  and  aluminum  con- 
tent of  the  vein  was  derived  from  the  wall  rock  at  greater  depth, 
where  conditions  were  favorable  to  the  leaching  of  these  elements,  and 
that  the  enriched  solutions,  rising  into  cooler  zones,  redeposited  them 
in  the  form  of  alunite.  This  interpretation  implies  that  the  alunite 
bodies  are  deposits  of  relatively  shallow  type  and  may  give  out  in 
depth  or  merge  into  a  diflferent  type  of  vein.  The  fact  that,  although 
quartz-adularia  veins  are  of  common  occurrence  in  the  West,  no 
important  alunite  deposits  have  been  found  associated  with  them 
except  near  Marysvale  necessarily  leaves  this  idea  as  a  suggestion 
rather  than  a  conclusion. 

PEBSISTENCE  IN  DEPTH. 

As  already  stated,  the  characteristic  features  of  alunite  deposits 
in  several  parts  of  the  world  ^  indicate  deposition  at  shallow  depths. 
Recent  developments  at  Marysvale  on  all  but  the  Gillan-Custer  group 
of  claims  have  been  merely  superficial,  and  the  deepest  workings  on 
that  property  are  only  about  260  feet  below  the  lowest  outcrops  of 
alunite.  The  cautious  attitude  taken  by  Butler  and  Gale  regarding 
the  persistence  of  the  veins  in  depth  should  therefore  be  maintained. 

The  foreign  deposits  that  compare  most  closely  in  character  with 
the  alunite  veins  of  Marysvale  are  those  at  Tolf  a,  Italy.  The  largest 
of  these  deposits,  the  Providenza  vein,  has  been  worked  to  a  depth 
of  more  than  300  feet,  where  it  becomes  increasingly  pyritic,  and  it 
ends  within  the  next  60  feet.  The  downward  continuation  of  the 
vein  zone  is  marked  by  pyritic  wall  rock  (trachyte).  That  in  gen- 
eral a  greater  vertical  range  than  that  of  the  Tolfa  deposits  can  be 
expected  in  the  alunite  veins  of  the  Marysvale  region  is  suggested  by 
the  observed  distribution  of  outcrops  with  reference  to  the  rugged 
topography.  In  the  eastern  zone  near  Marysvale  the  highest  out- 
crops according  to  Gale's  observations  *  are  at  least  1,000  feet  above 
the  lowest;  in  the  middle  zone  the  observed  vertical  distribution, 
according  to  surveys  for  the  Florence  Mining  &  Milling  Co.,  is  about 
900  feet;  in  the  western  zone,  according  to  the  same  authority,  it  is 

^Descriptions  of  these  deposits  are  reyiewed  by  Butler  and  Gale  (U.  8.  Geol.  Survey 
Bull.  611,  pp.  88-58»  1912). 
*Op.  clt,  pi.  8. 
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over  700  feet,  and  the  distribution  of  float  indicates  that  it  may  be 
considerably  more.  There  is  no  apparent  reason  why  the  actual 
range  in  depth  should  not  equal  or  considerably  exceed  these  amounts. 
It  should  be  borne  in  mind,  however,  that  the  alunite  deposits,  like 
many  metalliferous  deposits,  may  occur  in  shoots  with  a  distinct 
pitch,  and  that  their  lowest  parts  may  happen  to  be  along  a  line 
roughly  parallel  to  the  present  surface  slope.  In  this  case  the  shoots 
in  the  higher  parts  of  the  veins  may  possibly  end  downward  at  levels 
higher  than  those  of  the  present  lower  outcrops. 

SUGGESTIONS  BEGABDIKG  DEVELOPMENT. 

Because  of  the  existing  uncertainty  in  regard  to  the  vertical  range 
of  the  deposits,  the  safest  method  of  prospecting  seems  to  be  the 
driving  of  tunnels  along  the  strike  of  the  vein  at  various  levels  and 
the  sinking  of  inclined  winzes  along  the  dip,  rather  than  the  driving 
of  tunnels  from  points  below  the  lowest  outcrops  with  the  hope  of 
tapping  the  veins  at  greater  depth.  The  eastern  and  western  zones 
of  the  principal  group  are  well  adapted  to  this  method  of  develop- 
ment. The  middle  zone,  located  on  the  crest  of  a  high  ridge,  could 
be  easily  worked  through  a  tunnel  cutting  the  vein  at  considerable 
depth,  provided  there  was  certainty  of  sufficient  continuity  and 
regularity  in  depth.  The  Franklin  tunnel  (see  fig.  11)  on  the 
Florence  Mining  &  Milling  Co.'s  ground,  driven  several  years  ago 
and  inaccessible  at  present,  is  excellently  situated  for  such  develop- 
ment. It  extends,  according  to  private  survey  records  of  this  com- 
pany, almost  directly  under  the  outcrops  on  Edna  Peak.  A  crosscut 
of  200  or  300  feet  should  cut  the  vein  zone  on  its  dip  at  a  depth  of 
1,000  feet  or  more  below  the  outcrops,  and  determine  whether  alunite 
in  commercial  quantity  extends  to  so  great  a  depth.  It  is  also  pos- 
sible that  examination  of  the  walls  of  the  tunnel  may  result  in  the 
discovery  of  one  or  more  additional  alunite  veins,  cut  long  before 
the  identity  and  possible  commercial  value  of  the  mineral  was  recog- 
nized. 

While  the  steam-shovel  method  may  be  satisfactory  for  the  removal 
of  thick  accumulations  of  debris  from  the  surfaces  of  the  veins, 
there  are  objections  to  its  use  in  the  direct  mining  of  alunite,  because 
a  considerable  amount  of  siliceous  impurity  will  thus  be  included 
in  the  high-grade  material.  This  lowering  of  the  grade  of  alunite 
may  not  be  sufficient  to  interfere  seriously  with  the  extraction  of 
potassium  sulphate,  or  with  the  use  of  the  insoluble  residue  in  the 
manufacture  of  refractory  brick,  or  with  the  use  of  crude  or  cal- 
cined alunite  as  a  fertilizer,  but  it  will  greatly  increase  the  cost  of 
the  manufacture  of  metallic  aluminum.  Furthermore,  the  pro- 
nounced western  dip  of  the  veins  would  involve  an  increasing  amount 
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of  dead  work  in  the  removal  of  an  increasing  amount  of  waste  from 
the  hanging  wall  as  depth  increases. 

ESTIMATE  OF  TONKAOE. 

The  quantity  of  potash  (KgO)  available  in  the  Custer  vein  was 
estimated  by  Butler  and  Gale*  at  30,000  tons  for  each  100  feet  of 
depth.  The  openings  seen  by  the  writer  along  the  middle  zone  do 
not  afford  sufficient  data  for  more  than  a  rough  estimate  of  the 
tonnage  of  alimite  available,  and  those  along  the  western  zone  and 
other  prospects  are  too  obscure  and  scattered  to  warrant  any  estimate. 
The  following  figures  are  intended  only  to  give  a  rough  idea  of  the 
quantity  of  alunite  within  the  limits  of  the  ground  actually  pros- 
pected. The  number  of  short  tons  for  each  foot  of  depth  is  calcu- 
lated by  assuming  a  specific  gravity  of  2.82,  or  a  weight  of  175 
pounds  a  cubic  foot.  These  are  the  figures  given  in  Bulletin  511,  on 
page  12.  The  alunite  in  the  exposures  represented  in  the  table  is 
practically  identical  with  that  used  for  the  determination  of  specific 
gravity. 

Estimated  tonnage  per  foot  of  depth  in  alunite  veins  in  middle  and  eastern  zones. 


Location. 


Bdna  Peak  to  No.  10 

Openings  at  No8. 10  and  11 

OpeninjEs  at  No.  14 .* 

Oulan-Custer  group  (Butler  and  Gale's  estimate). 


Proved 

length  of 

vein. 


Feet. 


900 
660 

aoo 


1,750 


Average 

width  of 

high-grade 

alunite. 


Feet, 


10 
10 
16 


Surface 
area. 


Sq.feet. 
9,000 
6,500 
3,000 


18,600 


QuanUty 

of  alunite 

per  foot  of 

depth. 


Short  tone. 

788 

698 

263 

3,000 


4,740 


If  the  recoverable  potash  (as  KjO)  is  estimated  at  10  per  cent, 
the  prospects  on  the  middle  zone  will  yield  about  17,000  tons  of 
potash  for  each  100  feet  of  depth,  somewhat  more  than  half  the 
amount  (30,000  tons)  similarly  estimated  by  Butler  and  Gale  for 
the  openings  on  the  Gillan-Custer  group.  Recent  underground 
developments  have  shown  that  the  Gillan-Custer  deposit  is  much 
more  irregular  than  was  indicated  by  the  surface  workings.  In 
some  places  high-grade  alunite  may  be  practically  absent,  and  in 
others  it  is  much  thicker  than  the  average  thickness  (10  feet) 
assumed  in  the  estimate;  but  the  estimate  will  doubtless  stand  as  a 
reasonable  and  satisfactory  minimum  of  workable  alunite  for  this 
group  of  claims.  Future  developments  on  the  middle  zone  may 
show  similar  irregularities,  and  the  figures  given  above  should  be 
regarded  as  representing  a  preliminary  moderate  estimate. 


*  Op.  clt.,  p.  12. 
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It  should  be  borne  in  mind  that  only  those  openings  have  been 
included  in  the  estimate  where  the  practical  continuity  of  the  veins 
has  been  demonstrated  or  is  highly  probable.  Further  prospect- 
ing along  the  strikes  of  the  different  veins,  especially  that  exposed 
on  the  L.  &  N.  No.  4  claim,  in  the  western  zone,  will  probably  increase 
considerably  the  proved  tonnage  of  alunite.  According  to  the  above 
estimates,  the  tonnage  of  the  middle  and  eastern  zones  may,  for  each 
100  feet  of  depth,  amount  to  about  one-fourth  of  the  annual  con- 
sumption of  potash  in  the  United  States,  which,  figured  as  KjO, 
was  more  than  185,000  tons  in  1913,  the  latest  normal  year. 

DEPOSITS  ON  WEST  SLOPE  OP  MOUNTAINS. 

LOCALITIES. 

A  few  deposits  of  alunite  have  also  been  reported  from  the  west 
slope  of  the  Tushar  Mountains,  but  that  at  Sheep  Bock,  northeast 
of  Beaver  (see  fig.  13,  p.  238),  is  the  only  one  visited  by  the  writer 
and  the  only  one  from  which  specimens  containing  alunite  have  been 
seen  by  him.  One  deposit,  about  2^  miles  southeast  of  the  Beaver 
River  Power  Co.'s  plant  in  Beaver  Canyon  and  13  miles  east  of 
Beaver,  was  at  first  thought  by  its  discoverer  to  be  the  dense  white 
form  of  alunite  but  proved  on  examination  to  be  kaolin,  formed 
through  the  superficial  decomposition  of  rhyolitic  volcanic  rocks. 
A  chemical  analysis  of  the  material  showed  only  0.13  per  cent  of 
potash  (KgO).  One  or  two  other  deposits  have  been  reported,  but 
nothing  definite  has  been  learned  of  them. 

The  Sheep  Rock  deposit  is  a  quartz-alunite  rock  of  too  low  grade  to 
be  of  immediate  commercial  importance  as  a  source  of  alunite  but  of 
sufficient  scientific  interest  to  merit  a  rather  detailed  description. 

SHEEP  BOCK  DEPOSIT. 
LOCATION   AND  EXTENT. 

Sheep  Rock  is  situated  in  the  Newton  mining  district,  at  the  west 
base  of  the  Tushar  Mountains,  about  10  miles  northeast  of  Beaver. 
(See  figs.  13  and  15.)  It  is  a  bare-topped  ledge  of  nearly  circular 
form,  about  900  feet  in  diameter,  and  has  a  gently  rounded  summit 
composed  of  nearly  white  quartz-alunite  rock,  which  in  part  has 
weathered  into  clusters  of  rounded  residual  bowlders.  These  when 
seen  from  a  distance  bear  a  striking  resemblance  to  a  flock  of  sheep 
and  have  given  rise  to  the  name  Sheep  Rock.  The  first  knowledge 
of  alunite  here  was  obtained  early  in  1914,  when  a  specimen  from 
the  northern  part  of  the  ledge  was  sent  to  the  United  States  Geo- 
logical Survey  by  W.  A.  Wilson,  then  manager  of  the  Sheep  Rock 
mine,  and  was  found  by  B.  S.  Butler  to  be  a  mixture  of  alunite  and 
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quartz  containing  30  to  40  per  cent  of  quartz.^  The  writer  visited 
the  deposit  in  September,  1914,  and  the  present  description  is  based 
on  his  observations. 

CHARACTER  OF  DEPOSIT. 

The  relations  of  the  deposit  to  the  andesitic  country  rock  are 
very  obscure.  Its  west,  south,  and  north  sides  are  covered  with 
talus  and  brush  and  pass  beneath  the  alluvium  of  the  valley.  The 
saddle  connecting  it  with  the  andesite  foothills  is  covered  with  float 
and  affords  no  opportunity  to  study  the  contact  in  place.    Study  of 
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Figure  15. — Geologic  sketch  map  showing  relation  of  the  Sheep  Rock  qnartz-alnnlte 
deposit  near  Beayer,  Utah',  to  country  rock  and  metalliferous  veins. 

the  float,  however,  shows  that  the  two  rocks  merge  within  a  short 
space,  and  that  the  Sheep  Rock  deposit  was  formed  by  the  replace- 
ment of  andesite.  No  definite  connection  with  neighboring  metal- 
liferous quartz  veins  is  apparent  on  the  surface,  and  none  has  been 
made  in  the  underground  workings  of  the  mine. 

The  material  of  the  deposit  as  a  whole  is  of  uniform  character, 
light-gray  to  pinkish  color,  and  very  fine  grained,  banded  texture, 
A  few  textural  variations,  however,  are  present,  including  brecciated 
and  concretionary  phases  and  rock  in  which  the  porphyritic  texture 
of  the  andesite  is  preserved.    The  alunite  content  also  shows  varia- 


^  Phalen,  W.  C,  Summary  of  potash  salts  for  1912 :  U.  S.  Geol.  Surrey  Mineral  Re- 
sources, 1913.  pt  2,  p.  91,  1914. 
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tions  ranging  from  10  per  cent  or  less  up  to  60  per  cent,  but  as  a 
whole  appears  to  be  rather  uniform  and  to  average  about  30  per  cent, 
equivalent  to  3.5  per  cent  of  potash  (KgO). 

DETAIIiED  DESCRIPTION. 

The  typical  material  of  the  deposit,  as  viewed  from  a  short  distance,  appears 
grayish  white,  but  most  unweathered  specimens  when  closely  examined  are 
found  to  have  a  faint  to  decided  pinkish  tinge,  a  dense  to  very  fine  grained 
texture,  and  a  distinct  though  rather  fine  banding.  The  LiAndtng  strikes  and 
dips  in  various  directions  over  different  parts  of  the  ledge  and  In  many  places 
is  highly  contorted,  the  contortions  showing  no  apparent  order  of  arrangement 
or  relation  to  other  structures,  except  where  they  grade  into  brecciated  rock. 
As  a  rule,  no  mineral  grains  are  recognizable  megascopically,  but  the  alternat- 
ing bands  are  made  up  of  relatively  translucent  and  opaque  material  as  much 
as  a  quarter  of  an  inch  thick.  The  translucent  material  has  all  the  properties  of 
mlcrocry stall Ine  quartz.  The  opaque  material  is  of  pale  to  moderate  pink  color 
and  in  many,  if  not  most,  places  can  be  distinctly  scratche<l  by  a  knife  blade. 
Short  velnlets  of  smoky  quartz,  mostly  an  inch  or  less  in  length,  are  common 
between  bands. 

In  thin  section  the  banding  proves  to  be  due  to  alternating  layers  of  rela- 
tively coarse  clouded  quartz  grains  and  a  very  fine  grained  mixture  of  quartz  and 
alunite.  The  coarser  quartz  grains  are  about  0.25  millimeter  in  diameter  and  are 
full  of  minute  bubbles  and  specks.  The  alunite  In  the  fine  grained  mixture  forms 
minute  but  distinct  laths  evenly  scattered  among  fine  interlocking  quartz 
granules.  The  fine  and  coarse  quartz  grains  of  adjacent  bands  have  interlock- 
ing boundaries,  but  the  alunite  grains  end  abruptly  against  the  coarse  quartz 
grains.  There  are,  however,  a  few  relatively  large  alunite  laths,  as  much  as 
0.5  millimeter  in  length,  scattered  among  the  coarse  quartz  grains.  Minute 
grains  of  limonlte,  some  distinctly  oxidation  products  after  pyrite  cubes,  are 
thinly  scattered  throughout  the  rock. 

The  brecciated  variety  consists  of  fragments  of  the  typical  finely  banded 
rock  cemented  by  a  siliceous  matrix.  In  thin  section  the  fragments  have  the 
typical  character  and  composition  already  described.  A  few  velnlets  of  alunite 
lire  present  in  them  but  do  not  extend  into  the  matrix,  which  contains  no 
alunite.  The  relations  suggest  that  the  alunite  belonging  to  the  fragments  re- 
crystalllze<l  locally  in  fractures,  but  that  no  second  supply  of  It  w^as  introduced 
after  the  shattering. 

Close  by  stake  No.  2  the  rock  contains  numerous  white  translucent  patclies 
and  streaks  of  chalcedonlc  quartz  ranging  from  minute  spots  to  linear  streaks 
a  foot  In  length.  In  thin  section  the  quartz  Is  In  part  very  fine  and  even 
grained  and  In  part  composed  of  radiating  crystals,  which  have  evidently 
grown  by  replacement  of  the  quartz-alunlte  rock. 

At  a  few  places,  especially  in  the  bowldery  ground  about  100  feet  w^est  of 
stake  No.  2  (see  fig.  15),  the  rock  has  a  marked  concretionary  structure,  and 
banding  Is  Inconspicuous  or  absent.  The  concretions  are  as  much  as  an  inch 
in  diameter  and  present  a  variety  of  shapes  but  are  not  conspicuously  different 
in  megascopic  character  from  the  matrix.  As  seen  in  thin  section,  they  con- 
sist as  a  rule  of  rudely  fan-shapeil  alunite  crystals  as  much  as  0.5  millimeter 
long,  inclosing  minute  grains  of  quartz  and  separated  by  minute  linear  aggre- 
gates of  quartz.  The  matrix  consists  mostly  of  the  very  fine  grained  quartz 
sprinkled  with  minute  alunite  laths  In  roughly  concentric  arrangement, 
suggestive  of  crowding  by  the  growth  of  the  concretions. 


ALUNITE  DEVELOPMENTS  NEAR  MABYSVALE  AND  BEAVEH,  UTAH.    261 

The  highest-grade  material,  which  has  a  more  distinctly  pinls:  color  than 
the  rest  of  the  deposit,  was  found  in  the  talus  on  the  north  slope  of  the  area. 
It  has  in  part  the  typical  banded  structure  and  in  part  a  blotchy  appearance, 
the  predominating  bands  or  blotches  of  pink  alternating  with  others  of  gray 
color.  Some  of  the  gray  blotches  contain  small  cavities  representing  a  dis- 
solved mineral,  probably  feldspar.  In  thin  section  tlie  pink  part  is  seen  to 
consist  mostly  of  a  mass  of  alunite  inclosing  minute  grains  of  quartz.  The 
alunite  occurs  mainly  as  a  felty  mass  of  minute  laths,  in  which  are  scattered 
larger  crystals,  single  or  in  feathery  aggregates  as  much  as  a  millimeter  long. 
The  relation  of  the  larger  to  the  smaller  crystals  suggests  that  the  former  have 
grown  at  the  expense  of  the  latter.  Alunite  makes  up  about  60  per  cent  of  the 
whole.  The  gray  areas  consist  of  very  fine  quartz  aggregates,  the  borders  of 
which  appear  to  have  been  partly  replaced  by  alunite.  The  quartz  areas  con- 
tain a  few  grains  0.5  millimeter  or  less  in  diameter,  which  are  evidently 
quartz  phenocrysts  practically  unaffected  during  the  replacement  of  pon>hyry 
by  the  quartz-alunlte  mixture;  they  also  include  a  few  minute  grains  and 
streaks  of  limonite,  the  grains  preserving  the  cubic  outline  of  original  pyrite 
crystals. 

Gradation  into  the  country  rock  is  marked  by  a  pale-pink  dense  rock  in 
which  a  few  megascopic  quartz  grains  and  the  outlines  of  original  feldspar 
crystals  are  preserved.  In  thin  section  the  feldspar  phenocrysts  prove  to  be 
largely  replaced  by  fine  aggregates  of  alunite,  and  faint  outlines  of  original 
black  silicates  are  suggested  by  fine  quartz  areas  dusted  with  black  specks  and 
grains,  the  largest  of  which  suggest  pyrite.  Quartz  phenocrysts  are  very  scarce. 
The  groundmass  is  extremely  fine  grained  and  consists  almost  wholly  of 
quartz  with  a  little  alunite  and  pyrite.  This  variety  is  similar  to  the  altere<l 
wall  rock  of  the  Marysvale  alunite  veins. 

RELATION  TO  METAIJJFER0U8  DEPOSITS. 

The  rock  last  described  is  very  different  from  the  altered  wall 
rock  of  the  main  vein  in  the  Sheep  Rock  mine,  which  is  a  typical 
sericitized  andesite.  The  original  minerals  of  this  rock,  both  pheno- 
crysts and  groundmass,  have  been  replaced  by  very  fine  grained 
mixtures  of  quartz  and  sericite,  with  about  3  per  cent  of  pyrite  in 
small  grains.  This  rock  contains  gold  to  the  extent  of  a  few  dollars 
to  the  ton  and  is  classed  as  milling  ore. 

No  microscopic  alunite  was  found  in  the  sericitized  rock,  and  there 
was  no  opportunity  to  study  the  relations  between  sericitization 
and  alunitization  or  between  the  metalliferous  quartz  vein  and  the 
quartz-alunite  body.  The  vein  is  of  the  same  type  as  the  metallifer- 
ous veins  in  the  Marysvale  district,  and  it  therefore  seems  probable 
that  the  quartz-alunite  body  bears  the  same  general  relation  to  it  as 
the  alunite  veins  in  the  Marysvale  region  are  thought  to  bear  to  the 
neighboring  metalliferous  veins,  but  here,  as  in  the  Marysvale  region, 
no  direct  connection  between  the  two  types  of  deposits  has  been 
proved.  It  is  hoped  that  future  development  along  the  Sheep  Rock 
vein  will  disclose  the  relation. 
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ORIGIN. 

In  view  of  this  deficiency  of  critical  evidence,  any  statement  con- 
cerning the  origin  of  the  Sheep  Kock  quartz-alunite  deposit  must  be 
regarded  merely  as  a  working  hypothesis.  The  shape  of  the  deposit 
and  its  position  with  respect  to  the  neighboring  metalliferous  veins, 
especially  the  worked  vein  of  the  Sheep  Rock  mine,  suggest  that  the 
rising  vein-forming  solutions  were  locally  impounded  and  deflected 
along  a  permeable  bed  beneath  some  impervious  layer  of  porphyry 
which  is  now  removed  by  erosion.  Physical  conditions  at  this  place 
were  such  that  well-crystallized  quartz  and  sericite,  which  charac- 
terize the  metalliferous  veins,  were  no  longer  formed.  Instead  the 
porphyry  was  permeated  by  silica,  accompanied  by  the  sulphate  and 
sulphide  radicles.  These  radicles  converted  the  potassium  and 
aluminum  largely  into  alunite  and  a  small  amount  of  the  iron  into 
pyrite.  It  is  possible  that,  as  in  the  Marysvale  veins,  some  potas- 
sium and  aluminum  were  introduced  by  the  solutions,  but  the  aver- 
age percentages  of  these  elements  in  the  Sheep  Rock  deposit,  as 
shown  by  analyses  1  and  2,  on  page  263,  is  little,  if  any,  more  than 
those  in  the  original  porphyry. 

The  banded  structure  of  the  deposit  bears  a  strong  resemblance  to 
that  of  the  siliceous  ores  seen  by  the  writer  in  the  Tintic  mining  dis- 
trict and  recently  described  by  Lindgren,^  who  attributes  the  band- 
ing to  diffusion  in  the  replacement  body  of  colloidal  silica  while  the 
mass  was  still  in  a  soft  state.  If  this  mode  of  replacement  is  accepted 
for  the  Sheep  Rock  deposit,  the  numerous  contortions  in  the  banding 
may  be  attributed  to  deformation  before  the  mass  became  rigid,  and 
the  brecciated  parts  to  deformation  after  the  mass  as  a  whole  had 
become  rigid  but  while  there  was  still  sufficient  fluid  or  gelatinous 
silica  to  enter  the  interstices  and  cement  the  fragments. 

Along  the  original  margins  of  the  deposit,  where  the  replacing 
solution  was  weak  or  was  more  rapidly  consolidated,  there  was  evi- 
dently insufficient  opportunity  for  complete  replacement  and  de- 
velopment of  banding,  and  the  porphyritic  texture  of  the  replaced 
rock  was  preserved.  The  local  concretionary  structure  evidently 
marks  a  tendency  of  the  alunite  to  concentrate,  possibly  while  the 
mass  was  still  gelatinous.  The  presence  of  alunite  in  cracks  later  than 
the  banding  and  the  presence  of  large  alunite  crystals  growing  at 
the  expense  of  small  ones  indicate  a  tendency  of  the  mineral  to  con- 
centrate even  after  the  rock  had  hardened. 

As  contrasted  with  the  Marysvale  deposits,  the  Sheep  Rock  deposit 
was  formed  almost  wholly  by  the  replacement  of  porphyry,  and  the 
two  minerals,  alunite  and  quartz,  were  intimately  mixed,  whereas 

^  Lind^en.  Waldcmar,  Procefises  of  mineraUzallon  and  enrichment  in  tbe  Tintic  mining 
district :  Econ.  Geology,  vol.  10.  No.  3,  pp.  233-235,  1915. 
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those  near  Marysvale  were  formed  for  the  most  part  in  open  fis- 
sures, with  ample  opportunity  for  the  segregation  of  pure  alunite, 
and  only  to  a  minor  extent  by  replacement.  This  comparison  does 
not  imply  that  the  available  alunite  was  the  same  in  each  locality. 
The  solutions  in  the  Marysvale  area  may  have  contained  a  larger 
amount  of  the  constituents  of  alunite,  in  addition  to  being  favored 
with  a  better  opportunity  to  deposit  the  mineral  in  segregated 
masses. 

CHEMICAL  COMPOSITION. 

The  three  following  partial  analyses  of  the  quartz-alunite  rock, 
two  of  average  samples  and  one  the  high-grade  variety,  were  made  by 
R.  K.  Bailey,  of  the  United  States  Geological  Survey : 

Afialyses  of  quart z-alunite  roi'k  from  Sheep  Roek  deposit. 


SlUca(8IO,) 

Sulphate  radicle  (SOg). 
Potash(KfO) 


1 

2 

60.83 

7a78 

13.83 

10.56 

3.89 

2.90 

30.12 

26.53 

6.87 


1.  Average  sample  at  stunmit  of  Sheep  Rock. 

2.  Avoage  sample  around  stake  No.  2  (fig.  15). 

3.  High-^nde  sample,  north  slope  of  Sheep  Rock. 

In  analysis  1  the  ratio  of  the  sulphate  radicle  to  potash  is  almost 
exactly  that  of  pure  potash  alunite.  Calculation  from  these  data 
gives  over  13  per  cent  of  alumina  and  35.6  per  cent  of  alunite.  In 
analysis  2  there  is  an  excess  of  0.6  per  cent  of  the  sulphate  radicle 
over  the  ratio  between  the  sulphate  radicle  and  potash  for  alunite. 
This  small  excess  may  have  been  present  in  the  soda  alunite  mole- 
cule. The  calculated  percentage  of  alumina  is  only  9.5  per  cent  and 
of  alunite  25.7  per  cent.  In  analysis  3  the  excess  of  the  sulphate  radi- 
cle is  3.2  per  cen^.  This  also  may  have  been  present  in  soda  alunite. 
The  calculated  percentage  of  alumina  in  No.  3  is  22.3  per  cent  and 
that  of  alunite  60.3  per  cent. 


COMMERCIAIi  VALUE. 

The  percentage  of  alunite,  and  therefore  of  potasli,  is  much  too 
low  throughout  most  of  the  Sheep  Rock  deposit  to  be  of  any  com- 
mercial value.  Only  in  the  talus  at  the  north  end  of  the  deposit 
has  material  of  promising  grade  been  found,  and  only  a  little  of 
this  is  in  sight.  Even  the  high-grade  material,  however,  contains 
so  much  silica  that,  when  compared  with  the  practically  pure  alunite 
in  the  veins  near  Marysvale,  the  cost  of  crushing  and  calcining  it, 
to  say  nothing  of  the  cost  of  transportation,  will  probably  be  prohibi- 
tive for  any  but  local  use.    The  presence  of  alunite  in  the  Sheep 
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Rock  deposit,  however,  indicates  that  the  solutions  which  deposited 
alunite  were  active  in  the  extreme  western  as  well  as  the  eastern  part 
of  the  Tushar  Mountains  and  that  the  hills  around  Sheep  Kock  will 
be  promising  ground  for  alunite  prospecting. 

UTIUZATION  OF  ALUNITE. 

PBODUCTS. 

Although  alunite  has  been  mined  for  many  years  in  foreign  coun- 
tries as  a  source  of  potash  alum,  the  principal  attention  has  been 
given  to  it  in  this  country  as  a  possible  domestic  source  of  potash. 
The  extra<;tion  of  potassium  sulphate  from  it  on  a  commercial  scale 
appears  now  to  have  been  accomplished.  Possible  by-products  in 
the  extraction  of  potassium  sulphate  are  alumina  ai\d  sulphuric  acid. 
The  successful  production  of  the  alumina  or  its  derived  products 
on  a  commercial  scale  appears  to  be  a  possibility,  but  there  is  no 
prospect  of  the  production  of  sulphuric  acid  at  present. 

FOTASSIIJM  SXTLPHATE. 

As  already  stated,  a  demonstration  by  W.  T.  Schaller  that  the 
simple  potassium  sulphate  instead  of  potash  alum  could  be  easily 
extracted  from  alunite  simply  by  leaching  the  calcined  mineral  with 
water  was  published  by  the  United  Statej  Geological  Survey  on 
January  9,  1912.*     Schaller's  observations  are  as  follows : 

Laboratory  experiments  showetl  that  on  igniting  tlie  powdered  alunite  all  of 
the  water  and  three-fourths  of  the  sulphuric  acid  are  volatized.  On  leaching 
the  residue  with  water  the  potassium  sulphate  is  dissolved,  leaving  the  insoluble 
aluminum  oxide  behind. 

The  average  amount  of  potassium  sulphate  leached  from  the  ignited  mineral 
powder  is  17.9  per  cent  of  the  original  material  used.  As  the  coarsely  crystal- 
lized alunite  was  found  to  contain  19.4  per  cent  of  potassium  sulphate,  92 
per  cent  of  the  total  potash  present  was  obtained  by  simple  ignition  and  subse- 
quent leaching. 

It  is  worth  noting  that,  according  to  the  laboratory  experiments,  32.7  per 
(*ent  of  the  ignited  alunite  consists  of  available  potassium  sulphate,  which 
can  bo  extracted  by  simple"  water  leaching  and  evaporation.  The  remaining 
67.3  per  cent  consists  of  nearly  pure  aluminum  oxide. 

Waggaman*  found  that  a  large  quantity  of  water  was  required 
to  free  the  ignited  residue  of  alunite  from  soluble  salts  and  that  the 
subsequent  evaporation  was  tedious  and  expensive,  but  the  process 
has  finally  been  worked  out  on  a  commercial  scale  by  the  Mineral 
Products  Corporation.     The  following  description  of  the  process 

>  U.  S.  Oeol.  Survey  Bull.  511,  pp.  58.  61,  1912 ;  also  aonoanced  In  a  notice  given  to  the 
press  for  publication  on  Dec.  18.  1911  (U.  S.  Geol.  Survey  Press  BulL  80). 
•  Waggaman,  W.  U.,  U.  S.  Dept  Agr.  Bur.  Soils  Circ.  70,  4  pp.,  July  31,  1912. 
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is  based  on  information  furnished  by  V.  C.  Heikes,  of  the  United 
States  Geological  Survey,  who  saw  the  plant  in  operation. 

From  the  ore  bins  at  the  mill  the  alunite  passes  through  a  gyratory 
crusher,  then  through  a  set  of  rolls,  and  thence  is  delivered  to  a 
storage  bin.  This  material  is  mixed  with  powdered  slack  coal  and 
is  fed  into  a  rotary  kiln  in  which  it  is  roasted.  The  roasted  material 
is  elevated  to  a  storage  bin  from  which  it  is  drawn  off  into  a  digester. 
In  the  digester  it  is  mixed  with  water  and  the  ^ilphate  of  potassium 
dissolved  out.  The  charges  from  the  digester  are  stored  in  wooden 
tanks.  From  these  tanks  the  mixture  is  pumped  into  a  filter  press 
where  the  insoluble  alumina  and  the  water-soluble  potash  are  sepa- 
rated. 

The  solution  is  then  evaporated  in  triple-effect  vacuum  pans.  The 
sulphate  of  potassium  crystals  are  separated  out,  drained,  and  dried. 
The  dried  powder  is  pulverized,  screened,  and  sacked  for  shipment. 

The  boiler  plant  uses  slack  coal  for  fuel.  Boilers  having  a  rating 
of  600  horsepower  produce  steam  for  driving  three  engines,  running 
the  machinery  of  the  plant.  The  exhaust  steam  is  used  for  evaporat- 
ing the  solutions  and  drying  the  product. 

The  capacity  of  the  first  unit  of  the  plant  is  estimated  to  be  from 
25  to  35  tons  of  sulphate  of  potassium  a  day.  In  addition  to  the 
valuable  sulphate  of  potassium,  the  operators  expect  to  gain  some 
return  from  the  filter  cake  left  after  the  potash  solution  has  been 
removed  from  the  calcined  material.  This  cake  consists  of  nearly 
pure  alumina  and  may  be  used  for  making  refractory  brick,  for  it 
is  reported  to  withstand  temperatures  as  high  as  2,020°  C.  It  may 
also  prove  to  be  available  for  making  aluminum. 

The  mill  is  reported  to  be  the  first  of  its  kind  built  in  the  United 
States  to  treat  alunite,  and  operation  of  the  first  unit  was  begun  on 
September  15, 1915,  when  some  alunite  was  put  through  the  crusher. 
Thereafter  each  part  of  the  machinery  was  gradually  tested  until, 
by  October  6,  fully  200  tons  of  alunite  had  been  distributed  through 
the  plant.  On  October  5  about  20  tons  of  filter  cake  reported  to 
contain  about  65  per  cent  of  alumina  (AlaOj)  was  discharged,  and 
the  saturated  solution  of  potassium  sulphate,  about  85,000  gallons, 
had  accumulated  in  the  evaporators,  which  were  placed  in  commis- 
sion on  October  6.  On  October  7  the  first  potassium  sulphate  was 
produced  and  was  said  to  be  about  99  per  cent  pure  and  2  tons  in 
quantity.  On  October  20  the  first  carload,  aggregating  28  tons  of 
potassium  sulphate  that  analyzed  more  than  93  per  cent  pure,  is 
reported  to  have  been  shipped  in  cotton  bags  to  the  Armour  Ferti- 
lizer Works  at  Jacksonville,  Fla.*  Three  cars  are  reported  to  have 
been  shipped  within  the  first  month. 

^Manufacturers*  Record,  Oct.  21,  1916,  p.  52. 
10427«— Bull.  620—16 18 
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The  mill  is  situated  about  5  miles  southwest  of  Marysvale  and  2 
miles  west  of  Sevier  Kiver,  near  the  mouth  of  Little  Cottonwood 
Canyon.  The  alunite  vein,  on  the  Gillan-Custer  claims,  is  4  miles 
farther  west  by  wagon  road.  The  mined  alunite  is  conveyed  by  an 
aerial  tramway  6^00  feet  long,  with  a  fall  of  1,900  feet,  to  a  bin  at 
the  creek  level,  from  which  it  is  carried  by  wagons  over  a  down- 
grade road  of  3^  miles  to  the  mill.  The  tramway,  under  present 
conditions,  has  a  rated  capacity  of  12^  tons  of  alunite  an  hour. 

Plans  are  reported  for  the  erection  of  a  plant  by  the  Utah  Potash 
Co.  for  extracting  potassium  sulphate  and  alumina  from  the  alunite 
in  the  deposits  of  the  Florence  Mining  &  Milling  Co. 

POTASH  ALUK. 

Potash  alum  is  a  hydrous  sulphate  of  aluminum  and  potassium 
(K2O.AI2O8.4SO3.24H2O)  containing  11  per  cent  alumina,  10  per 
cent  of  potash,  34  per  cent  of  sulphur  trioxide,  and  45  per  cent 
of  water.  The  quantities  and  values  of  alum  (principally  potash 
alum)  and  aluminum  sulphate  produced  in  the  United  States  from 
1910  to  1914,  inclusive,  and  the  total  imports  of  aluminum  salts  are 
shown  in  the  following  table :  ^ 

Production  and  imports  of  aluminum  salts  into  the  United  States,  1910-1914,  in 

short  tons. 


ProductSon. 

Import8.a 

Year. 

Alum. 

Aluminum  sulphate. 

QnanUty. 

Quantity. 

Total 
Tnlue. 

Valua 
per  ton. 

Quantity. 

Total  value. 

Value 
per  ton. 

Value. 

1910 

9,090 

10,468 

9. 246 

9,605 

18,238 

1300,763 
329,686 
293,995 
312,822 
665,989 

133.09 
31.49 
31.80 
32.57 
31.03 

126,792 
134,077 
150,427 
157,749 
164,954 

12,447,552 
2,743,336 
2,909.495 
2,977,708 
2,942,572 

$19.30 
20.46 
19.34 
18.88 
17.84 

2,127 
2,283 
3,342 
2,702 
2,891 

$53,671 

1911 

56,833 

1912 

84,006 

1913 

66,548 

1914 

73,028 

a  Includes  alumina,  aluminum  hydrate,  or  refined  bauxite,  alum,  alum  cake,  aluminum  sulphate, 
aluminous  cake,  and  alum  in  crystan  or  ground. 

The  potash  in  the  domestic  alum  is  imported,  and  the  alumina  is 
derived  from  bauxite  mined  chiefly  in  Alabama,  Georgia,  and 
Tennessee,  with  small  quantities  from  Arkansas.  Only  bauxite  con- 
taining less  than  2  per  cent  of  iron  oxide  is  used  in  the  manufacture 
of  alum,  aluminum  sulphate,  and  other  aluminum  salts.  The  plants 
manufacturing  potash  alum  and  other  aluminum  salts  are  all  east  ol 
Mississippi  Biver,  but  the  practicability  of  establishing  a  plant  in 
TTtah  is  worthy  of  careful  consideration. 

^  Phalen,  W.  C,  The  production  of  bauxite  and  aluminum  in  1914 :  U.  S.  OeoL  Surrey 
Mineral  Beaources,  1014,  pt.  1,  p.  208,  1915. 
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The  description  of  the  process  of  manufacturing  potash  alum  from 
alunite  in  foreign  countries,  which  was  reviewed  by  Butler  and  Gale,^ 
is  here  repeated  for  the  reader's  convenience. 

A  considerable  amount  of  alum  is  prepared  from  alunite.  Alunite  contains 
the  elements  of  potassium  alum,  basic  aluminum  sulphate,  and  free  alumina. 
In  Sicily  it  Is  made  into  heaps  and  calcined  in  the  open  air.  At  Tolfa,  where 
the  manufacture  Is  carried  out  on  a  larger  scale,  the  roasting  is  conducted  la 
furnaces  lilce  limekilns,  lined  with  refractory  materiala  The  mineral  is  heated 
in  large  pieces  by  the  flame  without  direct  contact  with  the  fuel  until  sulphur 
dioxide  begins  to  escape.  The  calcination  requires  about  six  hours,  the  mass 
losing  about  35  per  cent  of  water.  During  the  Ignition  the  excess  of  alumina 
beyond  that  necessary  to  produce  alum  is  rendered  insoluble  and  no  longer  has 
the  property  of  precipitating  basic  sulphates  from  the  solution.  The  calcined 
mass  is  exposed  to  the  air  upon  a  clay  floor  for  some  weeks,  during  which  time 
It  is  occasionally  moistened.  The  mudlike  product  is  agitated  in  boilers  with 
water  at  70*  C,  and  the  clear  decanted  liquid,  of  density  10°-12"  B.,  is  evap- 
orated to  32 **  B.  and  crystallized  in  small  wooden  tubs.  The  crystals  are 
cubic,  opaque,  and  reddish  from  the  presence  of  ferric  oxide.  This  iron  is,  how- 
ever, quite  insoluble  and  may  be  separated  by  recrystallization ;  the  soluble 
iron  is  said  to  be  less  than  0.005  per  cent  In  this  way  **  Roman  alum  "  was 
formerly  largely  produced.  On  account  of  their  great  purity  the  red  crystals 
were  much  sought  after. 

Alunite  is  now  largely  converted  into  alum  by  treatment  with  sulphuric  acid 
and  addition  of  potassium  sulphate.  Guyot'  has  examined  this  process  and 
recommends  the  following  method: 

On  ignition  of  alunite  the  free  alumina  is  first  rendered  anhydrous  and  soluble 
in  sulphuric  acid ;  at  a  higher  temperature  the  basic  sulphates  become  soluble,  but 
if  the  temperature  be  allowed  to  rise  too  high  the  alumina  becomes  vitrified 
and  is  insoluble.  Guyot  recommends  ignition  at  800"*  C.  for  three  hours  as 
the  best  means  of  rendering  the  maximum  of  both  these  substances  soluble. 
The  composition  of  the  calcUied  mass  is  determined,  and  acid  is  used  in  pro- 
portion to  the  amount  of  soluble  sulphate  contained.  For  a  product  of  the 
following  composition,  KaSO«,  14  per  cent;  AljO».3S(^  (present  as  alum),  26.55; 
AliOi.3SO>  (free).  6.56;  Al,Oi  (free),  18.58;  OH,,  11.90;  Fe,Os,  0.80;  siliceous 
residue,  21.61  per  cent,  the  proportions  given  below  would  be  most  satisfactory. 
Into  a  clay  oven  is  poured  12.5  tons  of  sulphuric  acid  of  52*  B.  dlluteil  to  30° 
B.  and  heated  to  80**  or  90**  O.  Eiglit  tons  of  the  calcined  mineral  is  then  added 
in  portions  and  well  stirred.  After  the  whole  has  been  added  the  liquid  is  left 
for  two  hours  then  evaporated  to  38'  B.  and  treated  with  2.7  tons  potassium 
sulphate.  The  process  up  to  this  point  occupies  10  hours ;  after  a  further  period 
of  13  hours  the  clear  liquid  is  decante<l  off;  its  density  should  not  exceed  42* 
B.  The  muddy  liquid  remaining  is  reduced  to  24'  B.  by  the  addition  of  mother 
liquor  from  a  previous  crystallization,  stirred,  allowed  to  settle,  drawn  off 
clear,  mixed  with  the  first  decantate,  and  crystallized  in  a  vat.  After  one  day 
the  crystals  are  removed,  redissolved,  and  recry stall ized.  The  muddy  residue 
is  crystallized  out  for  a  further  crop  of  alum.    The  total  yield  of  alum  is  about 


1 U.  S.  Geo!.  Survey  Bull.  611,  pp.  69-60,  1912 ;  quoted  from  Thorpe,  T.  E.,  Dictionary 
of  applied  cbemlstry,  London,  1890,  p.  78. 

>  Guyot,  M.  P.,  Sur  la  rlchesse  induRtrielle  de  Talunlte  crue,  en  poudre :  Paris  Acad. 
ScL  Compt.  Rend.,  voL  96,  pp.  093,  694;  Experiences  sur  la  calcination  de  Talunite  en 
poudre,  destinte  &  la  fabrication  de  Talum  et  du  sulfate  Talumine :  Idem,  pp.  1001-1003. 
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2.3  times  the  original  weight  of  ore.    The  insoluble  matter  contains  3  per  cent 
alumina  and  2.01  per  cent  potassium  sulphate,  in  addition  to  silica,  etc. 

According  to  O.  Schwartz/  the  best  temperature  for  the  roasting  is  500*  C, 
and  the  acid  used  should  have  a  density  between  1.297  and  1.530. 

The  summary  concerning  the  utilization  of  the  Australian  deposit 
at  Bullahdelah  is  contained  in  the  following  paragraphs:^ 

The  following  is  a  process  by  which  alum  is  manufactured  from  alunlte: 
The  mineral  is  ground  and  then  calcined  in  reverberatory  furnaces,  to  dehy- 
drate it  and  drive  off  part  of  the  SOa.  It  is  next  treated  with  a  weak  solution 
of  sulphuric  acid  in  lead-lined  tanks,  heated  to  boiling  point  by  steam  Jets.  The 
liquor  is  allowed  to  settle  in  the  same  vats,  and  the  clear  solution  is  run  off 
into  crystallizing  tanks,  which  are  kept  in  constant  agitation  while  cooling,  the 
alum  crystallizing  out  and  sulphate  of  alumina  remaining  in  solution.  The 
residue  in  the  vat  is  boiled  again  with  water,  and  the  solution  run  off  again  in 
the  same  way.  The  liquor  containing  sulphate  of  alumina  is  then  returned  to 
the  vats  and  sufficient  of  the  calcined  mineral  added  to  completely  neutralize 
any  free  acid.  It  is  then  heated  to  t>oiling  point  and  ebullition  continued  until 
partial  reversion  takes  place,  the  reversion  being  accompanied  by  a  precipitation 
of  the  hydrated  ferric  oxide. 

The  alum,  after  collection,  is  washed  and  then  refined  in  vats,  similar  to  but 
deeper  than  those  originally  employed,  and  the  concentrated  solution  is  run  into 
roaching  tuns  in  which  it  Is  crystallized ;  it  is  then  broken  up  and  packed  ready 
for  the  market 

The  sulphate  of  alumina  solution,  after  all  the  alum  has  been  crystallized 
from  it,  is  concentrated  in  small  vats  heated  with  steam  coils,  and  the  lower 
qualities  of  sulphate  of  alumina  are  formed  by  running  the  liquor  onto  lead 
tables  and  breaking  the  solidified  material  into  blocks,  the  higher  qualities 
(containing  over  17  per  cent  of  soluble  alumina)  being  cast  on  copper  trays. 
These  higher  qualities,  which  vary  in  color  from  yellow  to  green  in  the  slabs, 
are  then  ground  in  a  disintegrator,  and  the  material  assumes  a  snow-white 
appearance. 

It  is  of  course  feasible,  by  the  addition  of  KsSO«,  to  convert  the  whole  of  the 
alumina  containe<l  in  the  stone  into  alum  if  desired,  but  the  more  profitable 
method  of  treatment,  when  the  better  classes  of  sulphate  of  alumina  can  be  sold 
at  standard  prices,  is  to  make  only  so  much  alum  as  there  is  sulphate  of  potash 
present  In  the  stone  to  produce,  and  convert  the  rest  of  the  alumina  into  soluble 
sulphate  of  alumina  (of  commerce). 

Sulphur  may  be  obtained  by  distilling  the  mineral  In  the  presence  of  any  re- 
ducing gas  like  coal  gas.  Sulphuric  acid  may  also  be  distilled  from  the  mineral. 
Heating  with  carbonate  of  baryta  produces  alumlnate  of  potash. 

The  following  extract  from  a  recent  consular  report '  gives  a  little 
additional  information  on  the  industry  at  Bullahdelah: 

The  stone  yields  on  an  average  80  per  cent  of  alum.  According  to  the  statis- 
tics for  the  mining  industry  of  New  South  Wales,  the  output  of  alum  for  the 
years  1856  to  1908  was  valued  at  $450,000  and  for  1908  to  the  end  of  1913 
$190,000.    Since  the  year  1908  about  1,200  tons  of  the  rock  have  been  taken  out 


*  Ueber  die  AufBchUesming  des  rSmlschen  AluDlts :  Deutsch.  chem.  Gesell.  Ber.,  voL  IT. 
p.  2887. 

*Pittman,  B.  P.,  Alunite  or  alumstone  in  New  South  Wales:  New  South  Wales  Geo]. 
Survey  Kept,  1901.  pp.  419-429. 

*  SuUiyan,  L.  N.  (consul  at  Newcastle,  N.  S.  W.),  Daily  Cons,  add  Trade  Repts.  No.  199, 
p.  99],  Bur.  Foreign  and  Domestic  Commerce,  Au^.  25,  1915. 
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annually  and  shipped  to  England  for  treatment,  where  the  alum  could  be  ex- 
tracted much  more  cheaply  than  was  possible  here.  The  Australian  Alum  Go. 
(Ltd.)  is  the  operating  company,  with  head  offices  at  109  Pitt  Street,  Sydney. 

AIiT7MIKA  AND  ALITMIinJM  PBODUCTS. 

The  possible  derivation  of  alumina  as  a  by-product  in  the  extrac- 
tion of  potash  from  alunite  has  already  been  mentioned.  Experi- 
ments on  the  direct  extraction  of  alumina  from  high-grade  alunite 
(see  analyses  1,  4,  and  5,  p.  246)  have  shown  that  the  process  works 
well  and  may  be  a  commercial  success  if  freight  rates  from  Utah  to 
eastern  aluminum-manufacturing  plants  are  not  prohibitive.  As 
an  offset  to  the  freight  rates,  however,  is  the  fact  that  the  alumina 
produced  from  high-grade  alunite  is  purer  than  the  bauxite  ores  of 
the  Southern  States.  The  low-grade  mineral,  corresponding  to 
analysis  2  on  page  246,  contains  too  much  silica  to  be  used  as  an  ore 
of  aluminum. 

The  question  of  erecting  a  western  plant  for  extraction  of  alumi- 
num may  be  found  to  deserve  consideration.  In  a  recent  paper 
by  Lyon  and  Keeny,  of  the  United  States  Bureau  of  Mines,*  the  state- 
ment is  made  that "  all  processes  for  the  extraction  of  aluminum  from 
silicates  are  still  very  much  in  the  experimental  stage."  As  alunite  is 
a  sulphate,  not  a  silicate,  and  can  be  obtained  practically  free  from 
silica,  its  availability  appears  more  promising.  The  extraction  of 
both  potash  and  alumina  from  the  same  lot  of  ore  should  apparently 
go  further  toward  making  a  successful  industry  than  the  extraction 
of  either  product  alone. 

Other  products,  now  obtained  from  the  mineral  bauxite,  a  hydrous 
oxide  of  aluminum,  may  also  be  derived  from  the  residue  left  after 
the  extraction  of  potassium  sulphate  from  alunite.  These  are  the 
different  aluminum  salts,  refractory  bricks, alundum  (fused  alumina), 
and  calcium  aluminate.  In  the  manufacture  of  refractory  bricks, 
the  purer  the  alumina  the  more  refractory  the  resulting  product, 
but  it  is  probable  that  the  rather  siliceous  residues  from  the 
less  pure  grades  of  alunite,  such  as  that  represented  by  analysis  2. 
page  246,  will  be  satisfactory  for  this  purpose,  whereas  the  residues 
practically  free  from  silica  are  especially  desirable  for  the  manufac- 
ture of  metallic  aluminum.  Alundum  is  used  as  an  abrasive  and  is 
finding  an  extended  use  in  the  refractory  industries.  Calcium  alumi- 
nate is  used  to  give  a  quick  set  to  plasters.  It  is  possible  that  the 
alumina  residue  at  the  Marysvale  plant  may  find  a  direct  use,  and 
it  is  reported  that  experiments  to  determine  this  point  are  under  way. 
Further  information  on  the  production  and  manufacture  of  alumi- 
nimi  and  its  products  is  given  in  the  annual  reports  on  bauxite  and 

1  I^on,  D.  A.,  and  Keeny,  R.  M.,  Electro-metaUurgy  of  aluminum  In  the  West  (presented 
at  September  meeting  of  American  Institute  of  Mining  Engineers)  :  Abstract  published  In 
Mln.  and  Eng.  World  Aug.  7,  1915. 
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aluminum  by  W.  C.  Phalen,  of  the  United  States  Geological  Survey, 
in  Mineral  Besources  for  the  years  1908  to  1914,  inclusive. 

SVLFHTTBIC  ACID  AND  STJLPHTJIl. 

The  manufacture  of  sulphuric  acid  in  connection  with  the  prepa- 
ration of  potassium  sulphate  and  alumina  has  also  been  suggested, 
and  in  certain  patents  issued  for  apparatus  for  treating  alunite 
means  have  been  devised  for  conserving  the  fumes  given  off  in  roast- 
ing. It  is  stated  by  Phalen,^  however,  that  owing  to  the  expense  of 
the  process  and  to  the  small  market  for  sulphuric  acid  in  the  West 
at  the  present  time,  it  is  very  unlikely  that  the  conservation  of  sul- 
phuric acid  from  alunite  will  be  seriously  considered  for  some  years 
at  least. 

It  has  been  suggested  that  sulphur  may  be  obtained  by  distilling 
the  alunite  in  the  presence  of  any  reducing  gas.  The  production  of 
sulphur  by  such  a  method  has  evidently  not  been  considered  by  those 
interested  in  the  Marysvale  deposits,  and  it  is  not  likely  to  prove 
practical  in  view  of  the  large  amount  of  sulphur  produced  so  cheaply 
in  Louisiana  and  Texas,  and  for  the  further  and  important  reason 
that  the  production  of  sulphur  from  its  oxides  (the  "  sulphur  fumes  " 
from  smelters)  has  not  yet  progressed  beyond  the  experimental  stage. 


Owing  to  the  slowness  and  expense  of  extracting  potassium  sul- 
phate from  alunite  by  leaching  Waggaman^  suggested  that  it 
might  be  more  economical  to  use  ignited  alunite  directly  as  a  fer- 
tilizer. Experiments  by  Skinner  and  Jackson*  afford  some  infor- 
mation on  this  question.  These  experiments  show  that 'raw  alunite 
U8ed  in  amounts  equivalent  to  25  to  500  pounds  of  K^O  per  acre 
increased  growth  from  10  to  20  per  cent.  The  growth  when  the 
raw  alunite  was  used  was  not  so  good  as  with  similar  amounts  of 
potassium  sulphate  and  potassium  chloride,  but  the  increase  in 
growth  with  calcined  alunite  ranged  from  35  to  43  per  cent,  the  aver- 
age being  40  per  cent,  which  was  about  the  same  as  that  with  potas- 
sium sulphate  and  greater  than  that  with  potassium  chloride. 

»  Pbalon,  W.  C,  Pota«h  Balt«,  1014  :  U.  S.  Geol.  Survey  Mineral  Resonrces,  1914.  pt.  2, 
p.  21,  1915. 

>  U.  S.  Dept  Agr»  Bur.  Soils  Clrc.  70»  July  81,  1912. 

*  Skinner,  J.  J.,  and  JackRon,  A.  M.,  Alunite  and  kelp  as  potash  fertilisers :  C.  S.  Dept. 
Agr.  Bur.  Soils  Clrc  76,  6  pp.,  Apr.  10,  1913. 


NOTES  ON  THE  FINE  GOLD  OF  SNAKE  RIVER,  IDAHO. 


By  J.  M.  Hill. 


INTRODUCTION. 

The  material  contained  in  this  paper  is  largely  a  compilation  from 
various  sources,  but  is  in  part  based  on  the  writer's  examinations  of 
gravels  in  the  Fort  Hall  Bottoms,  near  Fort  Hall,  Bingham  County, 
Idaho,  and  near  Moran,  Lincoln  County,  Wyo.  Its  presentation  at 
this  time  is  thought  to  be  warranted  by  a  constantly  increasing 
demand  for  information  concerning  the  occurrence  and  recovery  of 
the  fine  gold  of  Snake  River.  This  short  paper  will  probably  be  sup- 
plemented as  the  result  of  further  studies  which  the  writer  expects  to 
make  in  the  preparation  of  a  report  on  the  placer  deposits  of  the 
United  States.  The  laiger  work  will  require  considerable  time  for 
its  completion  and,  with  the  cooperation  of  the  Bureau  of  Mines,  will 
include  much  more  detailed  information  on  the  technology  of  placer 
mining  than  would  be  possible  for  a  geologist  to  incorporate  in  a 
report. 


Much  of  the  material  in  this  paper  has  been  obtained  from  the 
publications  listed  below,  which  should  be  consulted  by  anyone 
desiring  more  detailed  information  concerning  the  gravels  of  Snake 
River. 

Bancboft,  H.  H.y  History  of  Waahington,  Idaho,  and  Montana:  Works,  vol.  31, 1890. 
Mentions  (p.  233)  discovery  of  gold  in  Caribou  district  and  says  (pp.  631-534) 
that  though  gold  was  known  in  the  gravels  of  Snake  Biver  prior  to  1871,  it  was 
not  until  that  year  that  any  attempt  was  made  to  extract  the  gold. 

Bbll,  B.  N.,  Dredging  for  fine  gold  in  Idaho:  Eng.  and  Min.  Jour.,  vol.  72,  pp.  241- 
242,  1902;  Idaho  Mine  Inspector,  Eighth  Ann.  Bept.,  pp.  112-117,  1906.  De- 
scribes construction  of  dredge. 

The  origin  of  the  fine  gold  of  the  Snake:  Eng.  and  Min.  Jour.,  vol.  73,  pp.  143- 

144,  1902.  Supports  Turner's  suggestion  that  the  fine  gold  of  the  Snake  was 
deposited  from  the  waters  of  a  Miocene  lake,  and  describes  gold  as  occurring  in 
small  flakes,  many  of  them  cup  shaped  and  coated  with  silica,  of  which  1,000  to 
2,000  are  necessary  to  make  1  cent.  The  rich  gravels  occur  near  the  surface  or 
in  thin  lenses  of  cemented  sand  and  gravel. 

Bradley,  F.  H.,  U.  S.  Geol.  Survey  Terr.  Sixth  Ann.  Bept.,  pp.  250-271,  1873. 
Describes  exploration  of  the  headwaters  of  Snake  Biver  along  Henrys  Fork  and 
Teton  Biver  and  in  Jackson  Hole  and  the  southern  part  of  Yellowstone  Park. 
Mentions  early  placer  operations  in  Jackson  Hole. 
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Day,  D.  T.,  and  Richarob,  B.  H.,  InveBtigatioDB  of  black  sands  from  placer  mines: 
U.  8.  Geol.  Survey  Bull.  285,  pp.  150-1(8,  1906.  Give  pretiminaiy  results  ol 
tests  made  at  Portlaiid  ExpositioQ. 

Black  sands  of  the  Pacific  slope:  U.  8.  Geol.  Survey  Minentl  Re- 

souxces,  1905,  pp.  1175-1258, 1906.  Give  final  results  of  tests  at  Portland  Expo- 
sition and  show  by  tables  tlie  mineials  contained  in  black  sandi.  Give  results 
of  experiments  on  the  sepaiation  of  gold  and  platinum  from  such  sands. 

EoLESTON,  Thomas,  The  treatment  of  fine  gold  in  the  sands  of  Snake  River,  Idaho: 
Am.  Inst.  Min.  Eng.  Trans.,  vol.  18,  pp.  597-609,  1889.  Gives  a  very  good 
description  of  the  construction  and  operation  of  the  burlap  table  machine. 

Idaho  Inspbctob  op  Minbs,  Annual  leports,  1899  to  1913.  Notes  on  the  occunence 
and  methods  of  working  the  fine  auriferous  gravels  of  Snake  River. 

Iddinos,  J.  P.,  Weed,  W.  H.,  and  Hague,  Arnold,  Geology  of  the  Yellowstone 
National  Park:  U.  S.  Geol.  Survey  Mon.  32,  pt.  2,  pp.  184-189,  1899.  Describe 
geology  of  the  headwaters  of  Snake  River  and  state  that  "It  is  quite  likely  that 
this  gold  [in  Snake  River  and  Pacific  Creek]  has  in  great  part  been  derived  from 
Uie  conglomerate  of  the  Pinyon  (Eocene)  formation." 

Irvine,  C.  B.,  Fine  gold  of  Snake  River:  Min.  World,  vol.  29,  p.  916,  1908.  Notee 
fineness  and  hig^  quality  of  Snake  River  gold,  also  its  peculiar  cupped  flakes. 

LiNDOREN,  Waldemar,  The  mining  districts  of  the  Idaho  Basin  and  Boise  Ridge, 
Idaho:  U.  S.  Geol.  Survey  Eighteenth  Ann.  Rept.,  pt.  3,  pp.  625-637,  1898. 
Discusses  geology  of  lower  Snake  River  valley  and  shows  the  existence  of  a 
Miocene  [Eocene?]  fresh-water  lake  in  which  the  Payette  formation  was  deposited. 
Considers  that  flows  of  basalt  took  place  in  Pliocene  and  Pleistocene  time. 

The  gold  belt  of  the  Blue  Mountains,  Oreg.:  U.  S.  Geol.  Survey  Twenty- 
second  Ann.  Rept.,  pt.  2,  pp.  75&-762, 1901.  Mentions  occurrence  of  gold  in  the 
gravels  of  Snake  River  between  Idaho  and  Oregon  and  quotes  W.  H.  Washburn 
at  length  on  the  distribution  of  gold. 

Maguire,  Don,  Snake  River  gold  fields:  Mines  and  Minerals,  vol.  20,  pp.  56-58, 1899. 
Notes  that  South  Fork  of  Snake  River  is  principal  source  of  gold  above  Boise 
River,  and  estimates  that  gravels  contain  at  least  $2,000,000,000  in  gold.  Sa3r8 
that  large  operations  have  not  as  a  rule  proved  successful,  but  that  skim-bar 
miners  average  from  |1  to  |4  a  day  with  rockers. 

Mineral  Resources  op  the  Unfted  States,  published  annually  by  U.  S.  Creol. 
Survey.  The  reports  from  1902  to  1913  inclusive  contain  brief  notes  on  the 
4evelopments  along  Snake  River  and  give  production  of  gold  from  the  various 
counties  along  the  river's  course. 

Powell,  F.,  Gold  dredging  on  Snake  River  in  Idaho:  Eng.  and  Min.  Jour.,  vol.  70, 
pp.  395-396,  1900.  Notes  that  highest  gold  content  is  confined  to  gravels  for  a 
few  inches  near  the  surface,  and  that  tenor  diminishes  with  depth.  Describee 
the  dredge  used. 

Russell,  I.  C,  Geology  and  water  resources  of  the  Snake  River  Plains  of  Idaho:  TJ.  8. 
Geol.  Survey  Bull.  199,  1902.  Describes  the  geology  of  the  lavas  of  the  Snake 
River  Plains  between  the  Teton  and  Sawtooth  mountains. 

ScHULTZ,  A.  R.,  Gold  developments  in  central  Uinta  County,  Wyo.,  and  at  other 
points  on  Snake  River:  U.  S.  Geol.  Survey  Bull.  315,  pp.  71-88, 1907.  Describes 
occurrence  of  gold  and  methods  of  working  gravels  at  the  south  end  of  Jackson 
Hole,  Wyo.,  and  other  points  on  Snake  River,  particularly  in  that  portion  of  the 
river  between  Minidoka  and  American  Falls,  which  was  partly  submerged  by  the 
Minidoka  reservoir. 

Geology  and  geography  of  a  portion  of  Lincoln  County,  Wyo.:  U.  S.  GeoL 

Survey  Bull.  543,  pp.  122-129,  1914.  Describes  placer  mines  at  Pine  Bar  and 
Davis  diggings,  at  south  end  of  Jackson  Hole. 
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SoHUi/iz,  A.  B.y  and  Bicha&ds,  R.  W.,  A  geologic  reconnaiBBance  in  southeastern  Idaho: 
U.  S.  Geol.  Survey  Bull.  530,  pp.  267-282, 1913.  Describee  lode  and  placer  deposits 
of  the  Caribou  district,  in  the  southeastern  part  of  Bonneville  County,  Idaho. 

Shogklet,  J.  H.,  The  origin  of  the  fine  gold  in  Snake  River,  Idaho:  Eng.  and  Min. 
Jour.,  vol.  73,  pp.  280-281, 1902.  From  examination  of  gravels  of  Snake  River  in 
Jackson  Hole  decided  that  gold  came  for  the  most  part  from  the  breaking  down 
of  auriferous  pyrite  similar  to  that  found  in  andesitic  bowlders.  Says  that  all 
gravels  carry  gold  but  that  bars  with  most  sand  carry  largest  amount. 

St.  John,  Obeste8,U.  S.Geol.  and  Geog.  Survey  Terr.  Eleventh  Ann.  Rept.,  pt  1, 
pp.  321-474,  1883.  Describes  exploration  of  part  of  upper  Snake  River  basin, 
the  Caribou  district,  and  notes  placer  workings  in  Snake  River  canyon  that  were 
worked  in  1875. 

Washbuhn,  W.  H.,  Gold  in  Snake  River  gravel  bars:  Min.  and  Sci.  Press,  vol.  81, 
p.  610,  1900.  Notes  that  gold  is  most  abundant  at  head  ends  of  bars  deposited 
along  short  or  inner  sides  of  curves,  and  that  these  bars  are  enriched  by  every 
flood  of  river;  that  the  top  layer  of  gravels  is  richest;  and  that  bedrock  concen- 
tration is  not  usual.  Mentbns  the  fact  that  above  Boise  River  1,200  colors  are 
worth  1  cent,  but  below  Boise  River  it  takes  only  900  colors  to  make  1  cent,  also 
that  the  gold  above  the  mouth  of  Boise  River  is  worth  from  |17  to  $19  an  ounce, 
whUe  below  it  runs  from  $14  to  |16  an  ounce. 

HISTORY. 

There  is  no  mention  of  the  existence  of  gold  in  the  gravels  of  Snake  ' 
River  in  any  of  the  reports  of  early  explorations  in  this  country. 
Different  parties  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,  under  F.  V.  Hayden,  visited  Snake  River. 
In  1871  Bradley  ^  visited  the  headwaters  and  reported  that  as  early 
as  1862  prospectors  were  trying  to  extract  gold  from  the  gravels  of 
Snake  River  in  Jackson  Hole.    Bradley  says : ' 

A  considerable  excitement  was  stitred  up  a  few  years  since  by  reported  discoveries 
of  placer  gold  in  laige  quantities  on  the  upper  Snake,  and  many  prospectors  visited 
this  region.  A  small  hydraulic  operation  was  imdertaken  near  this  point,  but  the 
gold  was  too  fine  and  in  too  small  quantities  to  pay,  and  the  whole  r^on  was  entirely 
abandoned  after  a  few  months.  Ihe  coarse  gold  found  on  the  lower  part  of  the  Snake 
appears  to  have  entered  the  river  below  the  canyon,  which  is  still  to  the  southward 

of  us. 

«  «  *  •  *  «  *       . 

Two  or  three  miles  below  the  mouth  of  Salt  River  a  small  stream  from  the  west 
(entering  Snake  River  near  the  mouth  of  the  canyon)  was  thick  with  mud  from  the 
Caribou  gold  washings. 

In  1877  St.  John"  found  *'on  the  terraced  interval  [in  the  upper 
canyon  of  Snake  River]  indications  of  old  placer  workings  which  had 
been  opened  eight  years  ago  [1875]  by  a  party  of  miners  associated 
with  Jeff  Stantiford,  a  well-known  prospector  and  explorer  of  this 
region.    The  enterprise  was,  however,  interfered  with  by  the  Indians, 

1  Bradley,  F.  H.»  Report  of  Snake  River  dlvisian:  XT.  S.  Q«A,  aad  Qeog.  Smrey  Ten.  Sixth  Ann.  Rept, 
for  1871,  pp.  IMHiSO,  1S72. 
s  Idem,  pp.  266^  209. 
>  St  Jcibn,  Orestes,  U.  S.  Oeol.  and  Qeog.  Sorvej  Terr.  Twelfth  Ann.  Rept.,  pt.  1,  p.  196^  1888. 
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since  when  no  organized  mining  operations  have  been  resumed  in 
this  quarter." 

According  to  Bancroft/  though  flour  gold  was  known  to  exist  in 
considerable  quantities  in  Snake  Eiver,  it  was  not  imtil  1871  that 
experiments  were  made  toward  its  recovery.  He  says  that  paying 
quantities  of  gold  were  found — 

on  the  gravel  bars  in  the  vicinity  of  the  Great  Falle,  at  the  mouth  of  Raft  River,  Hen- 
rys Ferry  [between  the  moutha  of  Bruneau  River  and  Castle  Creek],  and  the  mouth  of 
Catherine  Creek.  *  *  *  In  1871  and  1872  several  mining  camps  or  towns  sprang 
up  along  the  river.  Thousands  of  ounces  of  gold  dust  of  the  very  finest  quality  were 
taken  from  the  gravels  in  their  neighborhood  in  these  two  years.  The  placers,  how- 
ever, were  quickly  exhausted  on  the  lower  bars,  the  implements  in  use  failing  to  save 
any  but  the  coarsest  particles.  The  higher  bars  were  unprospected,  and  the  camps 
abandoned .  But  about  1879  there  was  a  revival  of  interest  in  the  Snake  River  placers 
and  an  improvement  in  appliances  for  mining  them  and  saving  the  gold,  which  en- 
abled operators  to  work  the  high  bars  which  for  hundreds  of  miles  are  gold  bearing. 

According  to  Bancroft,  the  cost  of  opening  a  claim  was  about 
$5,000  and  the  returns  from  $10  to  $50  a  day;  $5,000  to  $10,000  in 
gold  could  be  won  from  an  acre  of  ground  by  gold-saving  machines 
and  amalgamators.  He  proposes  the  use  of  long  ditches  to  supply 
water  for  the  placers,  as  well  as  for  irrigation.  He  says  that  on  the 
Idaho  Snake  River  Gold  Mining  Co.'s  land  in  Black  Canyon  some  rich 
ground  yielded  $100  a  day  to  the  man  working  with  rocker,  copper 
plate,  and  some  cyanide  of  potassium,  while  the  average  yield  was 
$25  a  day  over  80  acres  of  gravel.  The  Lawrence  &  Holmes  Co. 
claims,  near  Blackfoot,  paid  from  $19  to  $50  a  day  to  the  man. 
Lane  &  Co.,  near  the  mouth  of  Raft  River,  obtained  $25  a  day  to  the 
man,  and  Argyle  &  Co.,  near  Fall  Creek,  $100  a  day  to  the  man.  The 
best  working  seasons,  according  to  Bancroft,  are  from  the  1st  of 
March  till  the  middle  of  May,  and  from  the  1st  of  September  to  the 
1st  of  November. 

For  many  years  the  gravels  of  Snake  River  have  been  intermittently 
worked  at  a  large  number  of  places,  extending  from  Moran,  Wyo. 
(Buffalo  Fork),  to  the  mouth  of  Boise  River.  (See  PI.  VII.)  None 
of  the  larger  operations,  so  far  as  known,  have  met  with  marked 
financial  success,  though  imquestionably  some  individuals  have  made 
a  small  amount  of  money. 

Probably  the  most  extensive  workings  on  Snake  River  were  in 
southern  Idaho,  in  the  vicinity  of  Rupert,  Minidoka,  and  American 
Falls.  Plate  VIII  (p.  278)  shows  the  principal  claims  in  this  area, 
some  of  which  were  submerged  in  the  reservoir  formed  by  the  building 
of  the  Minidoka  dam. 

'  Bancroft,  H.  lO^BMarjOiyfuidng^ak,  Idaho»  vaA  Ifnntana;  WoEka»ToL81«pp.fi29-AMaeo. 
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::h  placer  work  has  been  done. 
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SNAKE  mVER  BASIN. 
OBNBBAL  FBATT7BB8. 

Snake  River  rises  in  Shoshone,  Lewis,  and  Heart  lakes,  in  the  south- 
em  part  of  the  Yellowstone  National  Park.  It  flows  southward, 
through  Jackson  Lake  and  Jackson  Hole,  for  about  100  miles.  Its 
principal  tributaries  in  this  part  of  its  course  are  Buffalo  Fork  and 
Gros  Ventre  River,  which  enter  it  from  the  east.  A  short  distance 
south  of  Jackson  Hole  the  stream  turns  west,  and  after  passing  the 
Idaho  line  its  coiurse  changes  to  the  northwest.  (See  PL  VII.) 
Between  Fall  River  and  a  point  a  short  distance  west  of  McCoy  Creek 
the  river  flows  through  a  canyon,  and  in  this  part  of  its  course  Greys 
River  and  Salt  River  enter  it  from  the  south.  Near  the  boimdary 
between  Madison  and  Jefferson  counties,  Idaho,  Snake  River  is 
joined  by  Henrys  Fork,  a  tributary  that  heads  near  the  Idaho,  Mon- 
tana, and  Wyoming  boimdary  line.  The  river  here  makes  a  sharp 
turn  to  the  southwest  and  continues  in  this  direction  to  Rock  Creek, 
beyond  the  town  of  American  Falls.  In  this  part  of  its  course  it 
receives  Willow  Creek,  Blackfoot  and  Portneuf  rivers,  and  Bannock 
Creek  from  the  east,  but  no  streams  enter  it  from  the  Snake  River 
Plains,  which  border  it  on  the  west.  From  Rock  Creek  Snake  River 
flows  in  a  general  westerly  course  to  the  mouth  of  Bruneau  River,  a 
considerable  tributary  from  the  south.  From  American  Falls  to 
Salmon  Falls  the  Snake  receives  no  large  tributaries  from  the  north, 
but  on  the  south  side  there  are  a  number  of  streams,  among  which 
are  Rock  Creek,  Raft  River,  and  Marsh,  Goose,  and  Salmon  Falls 
creeks.  Big  Wood  River  joins  Snake  River  a  short  distance  west  of 
Gooding,  and  from  that  point  westward  the  Snake,  here  intrenched  in 
a  deep,  narrow  canyon,  receives  more  tributaries  from  the  north, 
heading  in  the  Sawtooth  Mountains,  than  from  the  south.  Beyond 
the  mouth  of  Bruneau  River  Snake  River  turns  northwestward  and 
continues  in  that  course  to  the  Idaho  line,  which  it  reaches  about  30 
miles  west  of  Boise.  It  forms  the  western  boundary  of  Idaho  as  far 
north  as  Lewiston  and  from  that  point  flows  in  a  general  westerly 
direction  to  Columbia  River  near  Pasco,  Wash. 

From  an  inspection  of  Plate  VII  it  will  be  se^i  that  Snake  River 
and  its  tributaries  drain  all  of  southern  Idaho  and  portions  of  western 
Wyoming  and  northern  Nevada.  The  area  of  the  Snake  River  basin 
above  the  mouth  of  Rattlesnake  Creek  is  37,300  square  miles. 

WATEBr  8XTPPLY. 

According  to  a  recent  Survey  report  * — 

Precipitation  in  the  Snake  River  drainage  area  ranges  from  6  or  8  inches  in  the 
valley  to  50  inches  at  the  head  of  many  of  the  tributaries.  In  the  higher  altitudes 
the  precipitation  is  practically  all  in  the  form  of  snow,  but  the  snowfiall  in  the  lower 

>  U.  8.  0«dl.  Surrey  Watcr^upply  Pap«r  W2,  p.  287, 1013. 
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valleys  below  American  Falls,  Idaho,  is  comparatively  light.    *    *    *    The  temper- 
ature in  these  valleys  ranges  from  100^  in  the  summer  to  35^  below  zero  in  the  winter. 

The  following  tables  showing  the  majdmum,  minimmn,  and  mean 
discharge  of  Snake  River  at  Moran,  Wyo.,  and  Blackfoot,  Neely,  and 
King  Hill,  Idaho,  have  been  compiled  from  the  Survey  reports  on 
the  surface  water  supply  of  the  North  Pacific  coast,*  wl\ich  give 
detailed  information  concerning  the  water  resources  of  the  Snake 
River  basin: 


Monthly  discharge  of  Snake  River  at  Moran,  Wyo.,  and  Blackfoot ,  Neely,  and  King  Hill, 

Idaho. 


Moran,  Wyo. 

[October,  1903,  to  September,  1911,  inclusive.] 


Month. 

Discbarge  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

January  a 

February  6 . . . 

March 

April 

1,070 

1,430 

2,220 

4,370 

7,930 

10,600 

12,100 

9,700 

2,160 

el,  810 

dl.440 

(11,310 

374 

440 

500 

530 

622 

950 

1,030 

712 

CO 

CO 

<374 

«874 

654 
700 
683 
837 

May 

4,290 

June 

5,250 

July 

3,400 

August 

September 

October 

November 

December 

2,430 

805 

614 

<I585 

<i584 

a  Not  including  1905  and  1907. 

b  Not  including  1905. 

c  Not  including  1910. 

d  Not  including  1906. 

e  Not  including  1906  and  1910. 

Blackford,  Idaho. 

(June,  1910,  to  September,  1911,  Inclusive.] 


Month. 

Discharge  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

February  a . . . 

Marcho 

AprUo 

Mayo 

6,870 

7,270 

5.620 

9,450 

18,800 

32,900 

21,900 

6,860 

3.700 

2.900 

3,780 

3,870 

2,140 
2.270 
2,200 
3.610 
9,170 
3,560 
890 
238 
1,120 
1,570 
2,900 
2,270 

3,250 
3,870 
4,000 
4,960 
14,800 

June 

16,900 

July 

6.680 

August 

September 

October  b 

November  6 . . 
December  b... 

2,000 
2.340 
2.430 
3,410 
3,230 

a  1911  only. 


b  1910  only. 


Neely,  Idaho. 

[March,  1906,  to  September,  1911,  inclusive.] 


Mouth. 

Discharge  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

January 

February  a... 

March 

Aprfl 

May 

« 10,600 
12,800 
15,600 
29,900 
33,000 
41,100 
37.200 
13,900 
11,100 
8,870 
13,200 
<i  7,590 

b5.280 
5,270 
4,140 
6,460 

10,500 
6,130 
3.470 
2,220 
3.450 
4,270 
5,060 

«  6,320 

c6.5a0 

6,460 

7,540 

11,000 

19,000 

25,600 

14,100 

5,930 

6,070 

6.480 

7,030 

6,650 

June 

July 

August 

September. . . 

October 

November . . . 
December 

a  Not  including  1910. 

h  Not  including  1907, 1910.  and  1911. 

c  Not  including  1907  and  1910. 

d  Not  including  1909. 

«  Not  including  1908, 1909,  and  1910. 

King  HID  Jd  aho. 

[May,  1909,  to  September,  1911,  inclusive.] 


Month. 

Discharge  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

January 

February 

March 

April 

May 

21.400 
18,700 
25.100 
30,100 
34,000 
41,900 
37,500 
20,900 
15,600 
14,700 
16.800 
14,400 

8,160 
8,750 
8,880 
8,720 
12,900 
5,790 
4,760 
4,760 
5,090 
6,400 
6.760 
7,910 

10,000 
11.400 
16,200 
16.800 
31,900 
96,200 

June 

July 

13,100 

August 

September... 

October 

November... 
December.... 

6,780 

8,460 

10.500 

11.700 

11,000 

1  U.  S.  Oeol.  Survey  Water-Supply  Papers  100, 135, 178, 214, 252, 272, 292, 312. 
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PIiACER  ORATELS. 
DZ8TK1B  UTION. 

The  placer  gold  deposits  along  Snake  River  may  be  dassed  as 
stream  placers  and  bench  placers.  The  stream  placers  consist  of 
bowlders,  gravels,  and  sands  that  form  bars,  banks,  fills,  and  shoals 
along  the  present  streams.  Many  of  these  deposits  are  temporary 
and  change  more  or  less  during  every  heavy  storm.  The  bench 
placers  are  older  stream  deposits,  at  higher  levels  represented  by 
terrace  remnants. 

At  the  mouth  of  Buffalo  Fork  (No.  1,  PL  VII)  there  are  two  dis- 
tinct terraces  10  and  30  feet  above  the  present  channel.  South  of 
Jackson  Hole  examples  of  terrace  formation  are  seen  on  both  sides 
of  Snake  and  Fall  rivers,  at  wide  points  in  the  valley.  At  several 
places  along  Snake  River  above  the  canyon  terraces  occur  60  to  100 
feet  and  even  200  feet  above  the  river.  The  terraces  slope  gently 
toward  the  center  of  the  valley  and  their  slopes  are  strewn  with  water- 
worn  rock  fragments  similar  to  the  material  f oimd  in  the  river  bed. 
Many  of  the  terraces  along  Fall  River,  extending  back  a  quarter  to 
half  a  mile  from  the  present  river  channel,  are  paved  with  waterworn 
pebbles  similar  to  the  material  found  in  the  Snake  River  channel. 
Near  the  mouth  of  Fall  River,  where  the  stream  cuts  across  two  anti- 
clines, gold  was  foimd  in  the  sands  accumulated  near  the  water's 
edge.  Whether  gold  occurs  in  the  gravels  farther  up  Fall  River 
above  the  canyon  and  along  its  tributaries  heading  in  the  Gros 
Ventre  Mountains  is  not  known. 

In  the  canyon  between  Greys  River  and  McCoy  Creek  (No.  4, 
PI.  VII)  there  are  several  small  gravel  deposits  both  in  the  present 
channel  and  on  rock-cut  terraces. 

At  Market  Lake  (No.  5,  PI.  VII),  near  the  junction  of  Henrys 
^ork  and  Snake  River,  there  are  extensive  bottoms.  Terrace  gravels 
about  15  feet  above  the  present  channel,  as  well  as  the  gravels  now 
at  the  stream  level,  have  been  worked  in  the  past. 

On  both  sides  of  Snake  River  near  the  mouth  of  Blackfoot  River 
considerable  gold  has  been  won  from  terrace  gravels  on  the  Welch 
groxmd  (No.  6)  and  the  Gold  Point  and  Eagle  Bend  ground  (No.  7). 
On  the  Welch  ground,  east  of  the  river,  the  gravel  bank  is  18  feet 
high,  and  no  bedrock  is  exposed  in  the  workings.  It  is  said  that  a 
75-foot  well  near  the  river  cuts  only  gravels  and  sands.  On  the  west 
side  of  the  river  the  gravels,  which  rest  upon  basalt,  range  from  a 
few  inches  to  12  feet  in  thickness.  Several  attempts  to  work  the 
present  stream  gravels  in  this  vicinity  by  the  use  of  dredges  and 
suction  pumps  have  not  been  successful. 

In  the  Fort  Hail  Bottoms  and  on  Horse  Island  (Nos.  8  and  9, 
PI.  Vn)  some  gold  is  won  from  ''skim  bar"  diggings  in  the  present 


278         CONTBIBUTIONS  TO  ECONOMIC  GEOLOGY,  1915,  PART  I. 

channel  and  from  gravels  occupying  a  terrace  about  8  feet  above  the 
present  level. 

Between  American  Falls  and  the  Minidoka  dam  there  are  a  number 
of  placer  bars  both  in  the  stream  channel  and  on  terraces  from  15  to 
30  feet  above  the  old  water  level.  These  bars  have  been  produc- 
tive, particularly  Diamond  Bar.  As  will  be  seen  from  an  inspection 
of  Plate  VIII,  part  of  the  productive  ground  was  submerged  by  the 
Minidoka  reservoir.  Between  Burly  and  Milner  there  has  been  some 
placer  work,  but  the  backwaters  from  the  Milner  dam  have  sub- 
merged the  bars,  and  no  work  has  been  done  there  recently. 

In  the  vicinity  of  Clear  Lake  and  Blue  Lake  (Nos.  13  and  14,  PL 
VII),  north  of  Twin  Falls,  there  are  gold-bearing  gravels,  some  of 
which  are  on  terraces. 

At  King  Hill  and  Glenns  Ferry  (Nos.  16  and  16)  several  attempts 
to  dredge  the  present  stream  gravels  have  not  proved  financiidly 
successful.  In  the  canyon  between  King  HiU  and  Guffeys  there  are 
a  number  of  bars  that  have  been  worked  in  the  past.  It  is  thought 
that  most  of  these  gravels  are  in  the  present  stream  channel,  though 
httle  information  is  available  concerning  the  operations  on  this  part 
of  Snake  River. 


The  gravels  of  Snake  River  consist  for  the  most  part  of  white, 
cream-colored,  and  gray  quartzite  pebbles,  with  some  pebbles  of  dark 
slates  and  a  few  of  white  quartz  and  red  and  gray  flint.  Pebbles  of 
granular  and  fine-grained  igneous  rocks  and  schist  occur  in  the  Jack- 
son Hole  country  and  in  less  numbers  along  the  lower  part  of  the 
river.  Small  amounts  of  sandstone  and  limestone  pebbles  are  found 
in  the  gravels  below  Gros  Ventre  River,  and  basalt  pebbles  are  seen 
in  the  gravels  below  Henrys  Fork.  The  sand  accompanying  the 
gravels  is  composed  in  the  main  of  quartz  grains  and  heavy  minerak. 
In  most  places  there  are  grains  of  a  black  sand  that  is  light  in  weight 
and  can  be  washed  away  from  the  heavy  ''black  sands."  This  sand 
is  apparently  in  part  disintegrated  basalt  and  in  part  volcanic  glass 
lapilli.  It  is  not  found,  so  far  as  known,  above  Henrys  Fork.  The 
largest  deposits  of  light-weight  black  sand  are  usually  found  beyond 
or  on  the  downstream  ends  of  the  "skim  bars." 

The  gravels  are  of  two  fairly  distinct  sizes  and  are  more  or  less 
sorted.  By  far  the  greater  in  amount  are  the  relatively  coarse 
gravels,  such  as  are  most  abundant  in  the  present  river  channel. 
These  are  composed  of  well-worn  ovoid  to  round  pebbles,  ranging 
in  general  from  one-fourth  inch  to  4  inches  in  diameter  and  averag- 
ing 2  to  3  inches,  but  accompanied  by  a  small  percentage  of  larger 
bowlders  and  considerable  light-colored  sand.  Lying  In  small  lenses 
in  the  coarse  gravels  and  on  the  tops  of  the  high  bars  of  the  present 
Snake  River  channel  are  smaller  deposits  of  fine  gravels,  whose  peb- 
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bles  range  mostly  from  one-fourth  to  1  inch  in  diameter,  only  a  few 
pebbles  reaching  2  inches.  The  fine  gravels  are  everywhere  mixed 
with  a  much  larger  quantity  of  heavy  sands  than  the  coarse  gravels 
and  carry  more  gold.  These  gravels  are  locally  known  as  the  '' skim- 
bar"  gravels.  The  terrace  gravels  contain  lenses  of  fine  gravels  that 
are  believed  to  be  old  skim-bar  gravels.  In  some  places  they  are 
cemented  with  a  white  to  gray  lime  carbonate,  but  in  others  they  are 
uncemented. 

GOLD. 

DISTRIBUTION. 

Usually  the  soil  covering  the  gravels  is  not  gold  bearing,  though 
in  the  region  of  Minidoka  and  American  Falls,  according  to  Schultz,^ 
''it  was  found  that  in  general  the  values  were  concentrated  in  the 
bottom  of  the  loam  and  the  upper  portion  of  the  underlying  gravels." 

The  gold  is  most  often  found  in  appreciable  amounts  in  the  gravels 
of  the  terrace  and  present  stream  deposits  and  is  more  abundant  in 
the  fine  gravels,  those  averaging  one-fourth  to  three-fourths  of  an 
inch  in  diameter,  than  in  the  coarser  material. 

The  coarser  gravels  that  are  so  widespread  along  the  present  chan- 
nel of  the  Snake  carry  from  a  few  to  as  many  as  1,300  colors  to  the 
cubic  yard.  The  gold  is  not  equally  distributed  throughout,  the 
coarse  gravels,  either  laterally  or  vertically.  In  fact,  there  seems 
to  be  a  concentration  of  gold  in  the  upper  layers  of  the  coarse  gravels. 

The  most  valuable  gravels  found  along  Snake  River,  comparable 
to  skim-bar  gravels,  are  much  finer  than  the  average  material  handled 
by  the  river.  The  pebbles  range  from  one-fourth  to  1  inch  in  size, 
but  most  of  them  are  between  one-fourth  and  three-fourths  of  an 
inch.  With  these  gravels  there  is  in  all  places  a  considerable  quan- 
tity of  black  sand,  a  lai^er  proportion  than  is  found  with  the  coarser 
gravels.  The  gold  content  of  the  skim-bar  gravels  is  not  equally 
distributed  over  the  skim  bar.  The  richest  gravels  are  foimd  in  the 
outer  edges  of  the  bars,  where  the  gravels  ''tail  off,"  and  to  a  depth 
of  6  to  8  inches  only.  The  rich  gravek  consist  of  heavy  particles 
carried,  probably  in  suspension,  by  strong  currents  during  high 
water  and  deposited  at  the  edges  of  the  higher  bars,  where  eddies 
have  retarded  the  currents  or  where  the  carrying  capacity  of  the 
water  is  checked  by  the  lessening  of  the  depth  of  the  channel.  These 
relations  will,  perhaps,  be  better  understood  by  reference  to  figure 
16.  All  the  material  on  the  skim  bars  looks  very  much  alike,  and  it 
is  only  by  testing  that  the  richest  portions,  those  usually  worked  by 
the  skim  miners,  can  be  determined.  As  will  be  seen  from  the  sketch, 
the  area  of  skim-bar  gravels  is  small  compared  to  the  area  of  a  bar. 

^  Sohultf  y  A.  R.y  Oold  developziients  in  central  Uinta  County,  Wyo.,  and  at  other  points  on  Snake  River: 
U.  &.  QeoL  Surrey  Bull.  315,  p.  82, 1907. 


280         CONTRIBUTIONS  TO  ECONOMIC  GEOLOOY,  1915,  PART  I. 

Qold  is  present  in  the  graveb  found  at  various  places  on  the  high 
terraces.  The  gravels  are  essentially  the  same  as  the  coaise  gravels 
in  the  present  river  channel  and  cany  as  much  gold.  The  lenses  of 
fine  gravel  in  the  terraces,  corresponding  to  the  skim-bar  gravels 
of  the  present  stream,  have  been  found  to  yield  more  gold  than,  the 
coaise  gravels.  In  some  places  where  terrace  gravels  have  been 
worked  lime-cemented  lenses  that  usually  cany  more  gold  than  the 
average  gravels  have  been  found. 


M  01  sum  oar  ana  ouuimiuoD  oi  goia  m  ai 
CHARACTER, 


The  Snake  Kiver  gold  is  in  miuut«  particles,  most  of  which  are 
flat.  The  largest  pieces  are  scarcely  0.01  inch  in  diameter,  and  the 
colors  range  from  those  of  that  size  to  some  so  small  that  tlie  separate 
flakes  can  be  distinguished  only  with  a  high-power  microscope.  The 
large  flakes  as  a  rule  are  somewhat  cupped,  apparently  owing  to  Uie 
turning  up  of  their  edges  by  repeated  knocks,  lliis  characteristic 
was  noted  in  most  of  the  colors  separable  by  the  eye.  Most  of  the 
microscopic  colors  are  flat,  but  some  are  rounded  irregular  gruns. 

Most  of  the  gold  has  a  bright-yellow  color,  but  certain  flakes  appear 
red-brown  in  some  lights.  In  part  the  color  of  the  rusty  gold  appears 
to  be  due  to  a  roughened  surface,  but  some  of  the  laiger  flakes  of 
brown  color  have  a  thin  coating  of  brown  material  that  is  probably 
iron  hydroxide.  Bell  *  reports  that  some  of  the  gold  is  coated  with  a 
sugary  incrustation  of  silica  or  other  substance,  which  g^vee  the  flakes 
a  light  color. 

The  gold  from  Snake  Kiver  is  from  0.930  to  0. 951  fine  and  averages 
about  0.946,  according  to  most  reports.  The  particles  are  so  small 
that  it  takes  from  1,000  to  2,000  colors  to  be  worth  1  cent. 

>Bdl,  R.  N.,  Tin  Mig)DoIth»fliitfoUotUw8iiikKEii|.i]idUiD.  Join.,  vol.  n,  pp.  lU-lM,  DOS. 
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PEODUOTION. 

It  is  impossible  to  ascertain  the  amount  of  gold  obtained  from  the 
gravek  of  Snake  River  during  the  early  years,  as  the  figures  for  the 
output  of  Snake  and  Sahnon  or  Boise  rivers  axe  combined  in  the 
reports  of  the  Director  of  the  Mint.  Since  1902,  according  to  statis- 
jics  published  by  the  United  States  Geological  Survey,  $149,315  in 
gold  has  been  taken  from  Snake  River  above  the  mouth  of  Boise  River. 
Of  this  recorded  production,  $29,658  was  obtained  from  placers  in 
Bingham  Coxmty,  $57,408  from  Cassia  County,  $11,078  from  lincohi 
County,  and  $12,171  from  Twin  Falls  County. 

It  is  probable  that  these  figures  do  not  represent  the  total  value  of 
gold  obtained  from  the  gravels  of  Snake  River,  because  of  the  great 
imcertainty  as  to  the  number  of  operators  working  these  gravels.  As 
is  weU  known,  much  of  the  gold  is  obtained  by  rocking,  and  it  is  im- 
possible to  know  of  or  hear  from  each  person  who  may  have  worked 
the  deposits  for  a  few  days  or  longer.  It  is  thought  that  much  of  the 
gold  obtained  by  these  small  operators  is  used  to  obtain  supplies  from 
merchants,  and  its  source  is  lost  sight  of  when  the  merchants  turn  it 
over  to  banks,  assay  offices,  or  the  mint. 

PLATINTTX. 

The  experiments  of  David  T.  Day,  then  of  the  United  States 
Geological  Survey,  at  Portland,  Oreg:,  on  the  heavy  placer  concen- 
trates of  the  Pacific  slope,  to  determine  their  value  in  other  metals 
and  minerals  besides  gold,  included  a  number  of  samples  of  Snake 
River  concentrates,  nearly  all  of  which  yielded  from  a  trace  to  an 
appreciable  amount  of  platinum,  but  it  is  doubtful  whether  many 
of  the  results  were  obtained  from  representative  samples.  The  plati- 
num is  probably  too  thinly  scattered  along  this  stream  to  be  of  much 
value,  though  it  may  be  combined  with  the  concentrates  and  have 
largely  passed  unnoticed. 

Bell  ^  reports  that  one  sample  of  Snake  River  concentrates  which 
yielded  0.018  ounce  of  platinum  and  several  himdred  dollars'  worth 
of  gold  to  the  ton  was  obtained  from  a  burlap  table  and  probably 
represented  a  concentration  of  several  thousand  to  one.  A  sample 
of  concentrates  taken  from  the  same  deposit,  from  which  the  free 
gold  had  been  amalgamated,  yielded  only  $3  in  gold  and  a  trace  of 
platinimi  to  the  ton. 

That  platinum  in  metallic  form  is  associated  with  the  gold  in  the 
gravels  can  not  be  questioned,  for  although  it  can  rarely  be  seen  in 
panning  it  invariably  shows  in  cleaning  amalgam.  In  the  operation 
of  the  Sweetzer-Burroughs  dredge  near  Minidoka  it  was  always 
observed  at  clean-up  time  as  ashy  gray  metaUic  particles  which 

>  Belly  R.  N.,  Eighth  annual  report  on  the  mining  industry  of  Idaho,  for  1907,  p.  llfi. 
10427**— BuU.  620—16 19 
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floated  when  the  amalgam  was  thimied  with  'quicksilver  for  the 
purpose  of  separating  foreign  matter  from  the  gold.  A  quarter  of  an 
ounce  of  clean  platinum  recovered  in  this  manner  is  now  in  the 
possession  of  Lewis  Sweetzer,  of  Rupert,  Idaho.  It  is  perfectly 
clean  gray  metal  in  scaly  particles  about  as  minute  as  those  of  gold.' 


The  results  of  the  tests  made  by  David  T.  Day  on  concentrates 
from  placer  gravels  were  published  in  1906.'  The  following  table, 
compiled  from  Day's  report,  shows  the  minerals  he  obtained  from 
Snake  River  concentrates: 

1  Schultc»  A.  R.,  Oold  developmtiats  In  central  Uinta  County,  Wyo.,  and  at  other  points  on  Bnaka  Xliw: 
U.  S.  OeoL  Survey  Bull.  315,  p.  38, 1907. 

tU.  S.  GeoL  Burvoy  BulL  285,  pp.  150-164,  1906;  U.  S.  QeoL  Survey  liineral  BeBouroe8,1906,pp.  1175- 
1246,1906. 
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METHODS  OF  MIXINO. 

Along  the  course  of  Snake  River  can  be  seen  the  wrecks  of  numer- 
ous attempts  to  extract  the  fine  gold  from  the  gravels.  The  remains 
of  dredges  are  seen  here  and  there,  and  many  more  have  been  re- 
moved. Coimtless  '' process  Qiachines"  have  been  tried  on  Snake 
River,  but  so  far  as  known  without  success.  Most  of  these  '' ma- 
chines" have  depended  on  amalgamation,  but  many  different  meth- 
ods have  been  used  to  get  the  quicksilver  and  gold  into  contact. 

The  rocker  and  sluices  are  stiU  used,  and  a  sluice  of  special  type, 
known  as  the  burlap  table,  used  ako  on  some  of  the  dredges,  has 
proved  one  of  the  best  appliances  for  saving  the  fine  gold.  (See 
fig.  17.)  In  working  with  burlap  tables  the  main  sluice  leading  from 
the  working  (A,  fig.  17)  is  set  at  any  convenient  grade.  Near  the 
lower  end  is  a  section  with  a  perforated  steel  bottom  (B,  fig.  17), 
which  allows  the  fine  heavy  sands  and  gold  to  drop  through  to  sluices 
set  at  right  angles  to  the  line  of  the  main  sluice.  The  transverse 
sluices  (C,  fig.  1 7)  are  in  reality  launders  which  deliver  the  sands  to  a 
series  of  burlap  tables  (E,  fig.  17).  Each  burlap  table  is  from  16  to 
30  feet  long  and  3  or  4  feet  wide.  It  is  usually  set  at  a  grade  of  1  inch 
to  12  inches,  but  the  grade  needs  to  be  adjusted  to  meet  different 
conditions.  Most  tables  are  built  with  two  drops  at  least.  The 
pulp  from  the  launder  sluices  is  fed  to  the  burlap  tables  through  ad- 
justable openings  (D,  fig.  17),  so  that  it  flows  over  the  table  in  a 
thin,  even  sheet.  The  heavy  sands  and  gold  are  caught  by  the 
rough  surface  of  the  burlap,  and  the  light  sands  run  to  waste.  In 
some  places  the  tailings  are  rerun.  In  operation  the  tables  are  cleaned 
as  often  as  necessary,  by  taking  up  the  burlaps  and  washing  them 
in  tubs  of  dear  water.  These  concentrates,  together  with  those 
washed  from  the  bottom  of  the  tables,  are  either  placed  in  a  grinding 
pan  or  revolving  barrel,  for  treatment  with  quicksilver  and  weak 
cyanide  solution,  or  cleaned  with  a  rocker.  The  latter  method,  while 
attaining  somewhat  better  results  than  the  simple  rocking  of  the 
gravels,  is  not  efficient.  In  some  of  the  burlap  tables  the  first  sec- 
tion of  the  table — that  nearest  the  launder  sluice — ^has  a  silver- 
plated  copper  bottom  coated  with  quicksilver,  for  amalgamating  the 
gold.  In  figure  17  six  tables  are  shown  on  each  side  of  the  main 
duice.  The  number  of  tables  varies  with  different  conditions.  In 
some  places  all  the  tables  are  on  one  side  of  the  main  sluice.  In 
fact,  each  operator  has  his  particular  design  of  table  and  method  of 
handling  the  gravel. 

Both  suction-pump  and  bucket  dredges  have  been  used  for  lifting 
the  gravels.  Probably  the  most  successful  dredging  operation  on 
the  river  was  the  Sweetzer-Burroughs  dredge,  which  was  operated 
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30  miles  west  of  Minidoka.  The  first  dredge  ^  built  by  this  company, 
in  1894,  was  of  the  suction  type,  but  the  company  later  built  a 
bucket  dredge '  having  a  capacity  of  2,000  cubic  yards  a  day.  The 
concentrates  from  burlap  tables  were  amalgamated  in  barrels.     It 
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Figure  17.— Diagram  of  burlap  table  for  saving  fine  gold. 

is  estimated  that  the  cost  of  handling  the  gravels  ranged  from  4^  to 
5J  cents  a  cubic  yard. 

Within  the  last  few  years  experiments  at  cyaniding  the  gravels  of 
Snake  River,  while  not  meeting  with  financial  success,  have  at  least 
showed  that  the  method  is  not  without  some  merit.  At  a  plant 
located  about  16  miles  southwest  of  Blackfoot  the  gravels  were 

1  Bell,  R.  N.,  Dredging  for  fine  gold  in  Idaho:  Idaho  Inspector  Mines  Rept.  for  1904,  pp.  48-52,  Min.  and 
Bci.  Press,  toI.  94,  pp.  642-^M3,  1907. 
*  Powell,  F.,  Oold  dredging  on  Snake  River  in  Idaho:' Eng.  and  Min.  Jour.,  vol.  70,  pp.  895-306, 1900. 
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screened  through  a  -^inch  mesh  trommel.  All  the  imdersize  was 
leached;  and  it  is  said  that  no  difficulties  were  encountered  in  the 
leaching  tanks. 

TYPICAIi  liOCAUnES. 

More  detailed  notes  about  some  typical  deposits  of  gravels  are 
included  in  the  hope  that  they  may  give  a  better  imderstanding  of 
the  character  of  the  deposits  and  the  distribution  of  the  gold.  The 
numbers  in  parentheses  refer  to  corresponding  numbers  on  Plate  VII. 

BT77FALO  FOBS  (No.  1). 

Several  placer  claims  were  located  along  Snake  River  south  of 
Buffalo  Fork;  at  the  north  end  of  Jackson  Hole,  Lincoln  tbunty, 
Wyo.;  in  1905.  These  claims  are  between  Elk  and  Moran  post  offices 
and  cover  low  terraces  on  the  east  side  of  Snake  River,  in  the  south- 
west quarter  of  T.  45  N.,  R.  114  W.,  and  the  north  half  of  T.  44  N., 
R.  114  W.,  of  the  sixth  principal  meridian. 

In  this  locality  there  are  two  well-marked  terraces  above  the 
present  channel  of  Snake  River.  The  first  terrace  is  10  feet  and 
the  second  30  feet  above  water  level.  The  upper  terrace  is  covered 
with  2  to  6  feet  of  sandy  loam,  which  overlies  6  to  8  feet  of  gravel, 
which  in  turn  rests  upon  a  stratmn  of  clay  extending  below  the  level 
of  the  lower  terrace.  In  the  sandy  loam  a  color  of  gold  is  f  oxmd  here 
and  there,  but  the  gravels  contain  more  gold.  A  series  of  tests  of 
these  gravels,  made  by  the  writer  in  1908,  show  the  average  value  of 
the  gravels  of  the  upper  terrace  to  be  less  than  1  cent  a  yard,  though 
in  places,  particularly  just  above  the  clay,  the  gravels  carry  more 
gold. 

In  the  lower  terrace  gravels  similar  to  those  in  the  present  chan.- 
nel  are  found  throughout  to  the  level  of  the  river.  They  contain 
more  gold  to  the  yard  than  the  gravels  of  the  upper  terrace,  aver- 
aging about  2^  cents,  but  in  places  carrying  as  much  as  5  cents  a  yard. 

Skim  bars,  some  of  which  have  been  worked,  are  present  on  the 
upper  ends  of  the  high-water  bars  in  the  present  channel 

A  small  quantity  of  the  gravel  of  the  upper  terrace  has  been 
worked  by  sluicing,  and  there  are  evidences  of  a  little  work  having 
been  done  on  the  lower  terrace  and  the  skim  bars. 

BAILEY  CHEEK  (No.  2). 

The  following  notes  are  taken  from  papers  by  Schultz :  ^ 

The  placer  workings  on  the  Davis  claim  are  on  a  low  terrace  along  the  east  side 
of  Snake  River,  extending  half  a  ndle  north  from  the  mouth  of  Bailey  Creek.  They 
are  in  the  vicinity  of  those  opened  by  Stantiford  in  1870.    There  are  two  distinct 

1  Bchnlts,  A.  R.,  Oold  deyelopments  in  centnl  Uinta  County,  W70.,  and  at  other  points  on  SnakoRlw; 
V,  S.  Qeol.  Survey  BulL  315,  pp.  77-78, 1907;  Qeology  and  s^ognaslby  of  a  portion  of  Uaooln  Ooastj, ' 
U.  B.  Qeol.  Sonrej  BulL  M8,  pp.  124-137«  19U. 
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tenaces  beie,  and  Ifr.  Davis  ia  at  proeent  working  parts  of  both.  The  very  fine  flour 
or  flake  gold  occuis  all  through  the  gravely  but  is  much  more  abundant  in  some  streaks 
than  in  others.  Mr.  Davis,  who  has  been  mining  in  Idaho  for  40  years  and  has  been 
working  this  bar  for  several  years,  makes  the  following  statement  concerning  the 
gold  placers: 

*^  I  always  found,  in  working  the  high  bars  of  the  river,  that  they  contain  from  one 
to  two  and  sometimes  three  pay  streaks,  with  fine  gold  scattered  throughout  the  gravel 
both  above  and  belpw  the  pay  streaks.  Most  all  of  these  high  bars  have  streaks  of 
pay.  Sometimes  in  old  eddies  or  whirlpools  the  deposits  do  not  seem  to  have  any 
regular  pay  streaks.  The  gold  in  these  places  seems  to  be  deposited  uniformly  and 
the  entire  deposit  pays  well. 

''The  gold-bearing  sand  and  gravel  in  my  richest  pay  streak  at  the  Davis  diggings 
or  Bailey  Creek  mining  camp  average  from  3  to  7  feet  in  thickness  and  lie  on  a  bed 
of  white  cement  rock  or  clay.  The  gold  in  this  pay  streak  runs  from  9  cents  to  $3 
per  cubic  yard .  The  average  height  of  the  bar  or  bank  that  is  here  worked  is  20  feet. 
From  the  top  of  the  lower  pay  streak  to  the  top  of  this  bank  is  a  13-foot  sand  and  gravel 
bed  which  averages  3  cents  to  25  cents  in  gold  per  cubic  yard.  The  width  of  the  pay 
streak  Is  about  500  feet  and  extends  beyond  the  limits  of  my  workings,  which  are 
about  900  feet  at  this  place.  South  of  the  'machine'  near  the  central  ditch  the  pay 
streak  is  considerably  wider.  Six  hundred  feet  north  of  the  central  ditch  the  gravel 
bank  is  30  feet  high,  the  pay  streak  wider,  and  the  entire  bank  runs  higher  in  gold 
values." 

One  of  the  main  pay  streaks  near  the  Snake  Biver  channel  is  from  4  to  6  inches 
thick  and  is  overlain  by  4  to  6  feet  of  gravel  that  contains  much  lower  values  in  gold, 
and  IB  in  turn  overlain  by  a  nearly  barren  gravel  bed  4  to  5  feet  thick  that  extends 
to  the  surface.  The  rich  i>ay  streak,  from  8  to  10  feet  below  the  surface,  makes  it 
profitable  to  work  the  entire  bank.  On  working  back  into  the  bank  away  from  the 
river  these  seams  are  found  to  rise  and  a  new  pay  streak  about  6  feet  thick  and  richer 
than  the  other  one  is  encountered.  The  new  pay  streak  drops  slightly  farther  east 
and  probably  represents  the  deposits  of  an  older  channel  of  Snake  Kiver.  The  dif- 
ferent placer  mines  and  even  parts  of  the  same  terrace  vary  considerably  in  the  char- 
acter of  the  deposits  and  arrangement  of  their  beds. 

Water  for  hydraulicking  is  brought  in  a  ditch  from  a  point  some  distance  up  Bailey 
Creek  and  is  used  to  break  down  the  gravel,  wash  out  the  gold  and  fine  particles,  and 
sluice  through  the  flume  (and  burlap  tables).  Sometimes  the  gravel  is. shoveled  into 
sluice  boxes.  Large  bowlders  are  piled  up  in  rows  between  the  boxes  so  as  to  retain 
as  much  grade  as  possible  and  still  work  the  lower  pay  streaks. 

The  gravel  on  these  terraces,  as  shown  by  the  workings  for  the  last  few  years,  runs 
from  3  cents  to  $3  a  cubic  yard.  Pay  streaks  that  run  |2  to  $3  a  cubic  yard  are  very 
thin  and  rare.  The  average  aggregate  run  of  the  pay  streaks  and  the  comparatively 
barren  gravel  is  7  to  10  cents  a  cubic  yard.  Only  one  piece  of  coarse  gold,  said  to  be 
about  half  the  size  of  a  tenpenny  nail,  has  thus  f^  been  found. 

Four  samples  of  black-sand  concentrates  collected  by  the  writer  [Mr.  Schultz]  from 
the  Davis  diggings  were  examined  by  David  T.  Day,  who  says: 

"These  samples  consist  largely  of  magnetite — No.  1,  apparently  not  much  concen- 
trated, containing  1  ounce  of  magnetite  to  4^  ounces  of  the  original  material.  They 
are  all  rich  in  gold  but  contain  no  platinum.  The  percentage  of  gold  was  not  deter- 
mined, but  they  will  all  range  from  $30  to  $100  a  ton  and  probably  more.  This  gold 
could  easily  be  extracted  by  means  of  nhafring  tables  of  the  Finder,  Wilfley,  Woodbury, 
or  Deister  tyi>e,  but  it  is  doubtful  whether  very  much  can  be  taken  out  by  other 
means,  certainly  not  by  sluice  boxes,  as  you  have  probably  already  found. ' ' 


288        C0KTBIBTJTI0K8  TO  SCOKOMIC  GEOLOQY,  1915,  PABT  I. 

Four  addidoDfll  samples  of  gold-beaniig  giavd  at  the  Bailey  Greek  mining  camp 
were  furnished  through  the  Idndness  of  Mr.  Davis.  Concerning  these  samples  Mr. 
Day  reports: 

"The  samples  of  black  sand  collected  from  the  Snake  River  gnvd  at  Bailey  Creek 
mining  camp,  Davis  diggings,  Lincoln  County,  Wyo.,  have  been  carefully  terted  and 
examined. 

"Sample  No.  5  (our  No.  1133),  reported  'to  be  an  avenge  sample  of  the  pay  streak 

from  the  bottom  to  the  top,  20  feet  in  depth, '  gave  on  assaying: 

Oonoas  per  ton. 

Gold 35.64 

Silver 4.25 

Platinum None. 

"Sample  No.  6  (our  No.  1134),  reported  to  be  'concentrates  of  sample  5,  from  which 

all  gold  has  been  extracted  by  the  chum  piocesB,'  weighed  137  grams  and  was  run 

over  the  WetheriU  magnetic  separator,  giving  the  following  results: 

Gnuns. 

Magnetite 67 

Ilmenite 48} 

Garnet 12J 

(lamet  and  olivine 5 

Tailings  (consisting  of  three-fourths  zircon  and  one-fourth  quartz) . .  19 

"An  assay  gave  the  following  results: 

OmioflBiMrtoii. 

Gold 8.75 

saver L14 

"Sample  No.  7  (our  No.  1135),  'concentrates  from  which  gold  has  been  taken  out 

and  concentrates  buried  for  five  years,'  weighed  101  grams  and  was  run  over  the 

Wethertll  with  the  following  results: 

Qmna, 

Magnetite : 62 

Ilmenite 28 

Cramet 9 

Olivine 5 

Tailings  (consisting  principally  of  zircon  with  some  garnet) 14 

"An  assay  gave  the  following  results: 

OmuMspartoii. 

Gold 29.98 

Silver 1.15 

"Sample  No.  8  (our  No.  1136)  'is  a  sample  of  pay  streak  showing  gold  content.' 

This  gave  on  assaying: 

Ounoes  per  toxL 

Gold 107.41 

Silver 10. 56 

Platinum 4. 54  " 

PZNlT  BAB  (Ko.  8). 

Schultz  ^  gives  the  following  information  concerning  Pine  Bar: 

The  terrace  at  the  mouth  of  Pine  Creek,  on  the  south  fork  of  Snake  River,  has  been 
worked  *  •  *  by  Ivan  L.  Hoffer  and  L.  M.  Rosencrans.  The  terrace  or  old  bar 
at  this  point  is  1  mile  long,  one-twelfth  to  one-eighth  mile  wide,  and  from  40  to  50  feet 
above  the  water  level  of  Snake  River.  ♦  ♦  *.  Water  for  hydraulicking  is  brought 
from  a  point  some  distance  up  Pine  Creek  in  a  ditch  across  the  bench.  The  water  is 
used  to  break  down  the  gravel,  wash  out  the  gold,  and  sluice  through  the  flume.    *   *   « 

1  SohultK,  A.  R.,  Oold  developments  In  oentrel  Uinta  County,  Wyo.,  and  at  other  i>olnt8  on  Snake  River: 
U.  8.  Oeol.  Survey  Bull.  316,  pp.  78-79, 1007;  Geology  and  geography  of  a  portion  of  Lincoln  County,  Wjro.: 
U.  S.  Oeol.  Survey  Bull.  643,  pp.  127-128, 1014. 
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Mr.  Hoffer  infonned  the  writer  that  on  this  bar  there  is  about  8  feet  of  overlying 
gravel  that  contains  about  15  very  fine  colors  to  the  cubic  foot,  followed  by  32  feet  of 
gold-bearing  gravel  to  water  level,  without  striking  bedrock.  So  far  only  the  upper  12 
feet  of  this  gold-bearing  gravel,  which  is  supposed  to  be  better  than  that  lower  down, 
has  been  worked. 

The  following  figures,  furnished  by  Mr.  Hoffer,  give  the  run  of  gold  in  colors  for  the 
first  12  feet  of  gravel  in  two  different  places. 

Colon  of  gold  in  upper  gravel  at  Pine  Bar  diggings. 


Depth  In  feet. 

Oolore  per  oabio  foot. 

A. 

B. 

1 

7,200 
23,400 

8,100 
106,200 

8,100 
22,500 

3,600 
17,100 

6,300 

3,600 

16,200 

11,700 

11,700 

4,600 

6,400 

000 

2 

3 

4 

6 

6 

7 

8 

196,200 

60,800 

The  tests  were  made  on  one-thirtieth  cubic  foot  of  gravel  carefully  measured  and 
the  results  per  cubic  foot  were  obtained  by  multiplying  these  values  by  30.  About 
1,000  to  1,200  colors  make  1  cent  value.  Thus  it  will  be  observed  that  this  8  feet  of 
gravel,  both  tests  being  averaged,  yields  from  12  to  14  cents  a  cubic  yard..  Including 
the  upper  8  feet,  the  value  for  16-foot  depth  averages  about  7  cents  a  cubic  yard. 
Working  to  a  depth  of  20  feet  or  more  should  slightly  raise  Hiis  value.  In  a  few  places 
small  streaks  running  up  to  $2  a  cubic  yard  have  been  cut.  Most  of  these  streaks 
occur  on  top  of  the  gold  gravel  immediately  below  the  overlying  8  feet  of  compara- 
tively barren  material. 

WELCH  QROUND  AND  OOLD  POINT  (Nos.  6  and  7). 

At  the  Welch  placer,  about  1 J  miles  north  of  the  mouth  of  Black- 
foot  River,  Snake  River  has  cut  into  a  bank  of  gravel  about  18  feet 
high,  over  which  there  is  2  to  4  feet  of  fertile  sandy  loam.  The  gravels 
contain  gold  throughout  the  depth  exposed  by  the  river  cut,  but 
those  containing  the  most  gold  are  usually  cemented  with  lime  and 
are  composed  of  smaller  pebbles  than  the  great  bulk  of  the  gravels. 
The  richer  gravels  occur  in  lenses  and  streaks  irregularly  distributed 
in  the  bank.  This  deposit  is  said  to  average  about  40  cents  a  yard 
throughout.  About  20  acres  of  gravel  next  to  Snake  River  has  been 
washed  to  depths  varying  from  4  to  12  feet.  A  ditch  about  1,500 
feet  back  from  and  parallel  to  the  bank  furnishes  water.  The  gravels 
are  caved  by  allowing  the  water  to  run  out  of  the  ditch  through 
gates.  Hie  gold  was  caught  in  sluices  and  on  burlap  tables.  This 
ground  has  not  been  worked  for  a  number  of  years. 

The  placer  gravels  west  of  Snake  River  at  Oold  Point  and  Eagle 
Bend,  which  are  from  three-fourths  to  a  mile  above  the  mouth  of 
Blackfoot  River,  rest  upon  basalt.    They  have  been  extensively 
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worked,  but,  so  far  as  known,  not  in  the  last  few  years.  At  Gold 
Point  the  gravels  are  said  to  average  8  feet  in  depth  and  are  reported 
to  carry  about  40  cents  a  yard  throughout.  It  is  said  that  very 
rich  ''dirt"  was  found  in  the  crevices  in  the  bedrock,  and  that  some 
of  the  cemented  gravels  found  in  thin  lenses  carry  as  much  as  $2 
a  yard. 

FOBT  HATJi  BOTTOMS  (Ko.  8). 

The  Fort  Hall  Bottoms  cover  approximately  30,000  acres  along 
Snake  Biver  in  Bannock  and  Bingham  counties,  extending  from  Big 
Butte,  at  the  jimction  of  the  Blackfoot  and  Snake,  to  the  mouth  of 
Portneuf  River,  a  distance  of  24  miles,  and  varying  in  width  from 
one-fourth  of  a  mile  to  7  miles.  They  are  reached  from  American 
Falls,  Pocatello,  Fort  Hall  Agency,  or  Blackfoot.  At  their  eastern 
margin  is  a  bluff  which  rises  from  15  feet  at  the  north  end  to  100 
feet  at  the  south  end,  to  the  level  terrace  upon  which  stand  Fort 
Hall  Agency  and  Pocatello.  The  bottoms  have  an  average  elevation 
of  8  to  10  feet  above  the  normal  water  level  of  Snake  River.  Water 
stands  from  2  feet  below  the  surface  at  the  north  end  of  the  bottoms 
to  9  feet  below  at  the  south  end.  This  level  is  slightly  higher  than 
the  normal  water  level  of  Snake  River. 

By  far  the  most  extensive  material  found  on  the  surface  of  the 
Fort  Hall  Bottoms  is  a  gray  to  black  sandy  loa^  that  in  some  places 
contains  considerable  clay.  Gravels  occur  at  the  surface  in  a  few 
places,  irregularly  distributed  over  the  bottoms.  Usually  the  gravel 
bars  do  not  cover  much  more  than  an  acre,  but  here  and  there  areas 
of  several  acres  are  underlain  by  gravel.  There  are  more  numerous 
and  larger  gravel  bars  within  half  a  mile  of  the  rivel-  than  in  any  other 
part  of  the  bottoms. 

There  is  no  doubt  that  gravels  similar  to  those  along  the  present 
channel  of  Snake  River  imderlie  all  the  Fort  Hall  Bottoms.  The 
upper  limit  of  the  gravels  varies  considerably  in  different  parts  of 
the  bottoms.  In  some  places  the  gravels  extend  to  the  surface; 
in  others  the  sandy  loajn  extends  as  much  as  2  feet  below  the  level 
of  the  streajn,  or  12  feet  below  the  surface. 

From  the  distribution  of  the  gravels  on  tha  bottoms  away  from  the 
river  it  is  thought  that  they  are  the  tops  of  buried  bars  such  as 
are  now  found  along  the  present  channel  of  the  Snake,  and  from 
analogy  it  is  thought  that  the  rich  gravels  are  of  rather  small  extent, 
corresponding  to  the  skim-bar  gravels  of  the  present  stream. 

Bedrock  was  not  found  anywhere  in  the  Fort  Hall  Bottoms.  In 
some  places  along  the  terrace  east  of  the  bottoms  similar  graviils 
rest  on  partly  consolidated  clayey  sands  that  Mansfield  ^  has  referred 
to  the  older  Quaternary.    It  seems  possible  that  the  bottoms  may 

1  iCansfidd,  O.  H.,  Geology  and  phosphate  deposits  of  the  Fort  Hall  IndJan  BcMnwtioo,  Idaho:  U.  8. 
Oeol.  Surrqr  Bull.  (In  preparation). 
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liare  been  cut  from  similar  material  and  that  the  partly  consolidated 
Quatemaiy  sands  will  be  found  to  constitute  the  bedrock,  rather 
than  basalt.  At  many  places  west  of  this  part  of  Snake  Biver 
basalt  flows  form  the  banks.  These  flows  are  relatively  thin,  and 
it  is  the  opinion  of  the  writer. that  they  originated  in  the  plains  west 
of  Snake  Biver  and  never  extended  much  farther  east  than  their 
present  limit.  It  seems  possible  that  the  course  of  the  Snake  in 
this  locality  was  in  large  part  detemnned  by  a  shallow  depression 
between  the  edge  of  the  basalt  flow  and  the  gravels  and  silts  upon 
which  the  flow  rested.  In  the  wells  of  the  high  bench  ^  in  the  vicinity 
of  Fort  Hall  Agency,  which  reach  below  the  level  of  the  bottoms, 
nothing  but  unconsolidated  or  partly  consolidated  sand  and  gravel 
was  encountered  above  a  depth  of  75  feet,  but  at  that  level  there  is 
a  10-foot  bed  of  volcanic  rock  interbedded  with  gravels.  This  flow 
has  a  strong  dip  to  the  west  and  would  probably  be  found  at  a  con- 
siderable depth  if  it  extends  under  the  bottoms. 

The  gravels  of  the  Fort  Hall  Bottoms  average  less  than  1  cent  to 
the  yard  in  gold.  The  skim-bar  gravels,  which  have  been  worked 
each  year  alter  high  water,  carry  at  least  65  cents  a  yard  in  fine 
gold  and  perhaps  as  much  as  $2  to  $3  a  yard.  The  skim  bars,  how- 
ever, form  a  very  xninor  part  of  the  total  amount  of  the  gravels  of 
the  Fort  Hall  Bottoms. 

HOBSE  ISLAND  (No.  0). 

On  Horse  Island,  which  is  really  a  continuation  of  the  Fort  Hall 
Bottoms,  considerable  placer  mining  has  been  done  in  the  past,  but 
in  recent  years  the  gravels  have  not  received  much  attention.  The 
surface  of  this  island  is  from  6  to  10  feet  above  the  normal  water 
level  of  Snake  Biver.  The  soil  is  from  2  to  8  feet  thick  and  rests 
upon  gravels.  The  gravels  that  have  been  worked  are  near  the 
surface  and  are  for  the  most  part  coarse,  though  some  skim-bar 
gravels  are  exposed  in  cuts. 

Bookers  were  used  in  working  most  of  these  gravels,  though  some 
on  the  Elliott  ground,  at  the  north  end  of  the  island,  were  worked 
in  a  ''machine."  Horse-drawn  scrapers  were  used  to  remove  the 
soil  and  at  the  machine  settings  to  bring  the  gravels  from  the  pit  to 
the  sluice. 

Apparently  the  pay  gravels  follow  more  or  less  well-defined  lines 
or  bars  which  have  a  somewhat  crescentic  shape  and  are  the  tops  of 
old  high-water  bars  such  as  are  deposited  in  the  present  stream 
channel. 


1  Wkoj,  W.  B.,  oral  oommunicatiaQ. 
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According  to  Sdrnltz  * — 

The  Government  dam  at  Minidoka  has  raised  the  crater  over  an  adjacent  high  terrace 
that  represents  an  old  river  bed  and  contains  some  of  the  best  v^ues  in  fine  gold 
along  Snake  River.  This  terrace  is  known  as  Diamond  Bar,  and  the  shallow  water 
now  covering  it  affords  a  x>ond  with  sufficient  water  to  float  a  chain-bucket  or  suction 
dredge,  either  one  of  which  is  adapted  for  treating  this  ground.    *    »    ♦ 

In  May  and  June,  1906,  b^ore  the  water  was  ponded  above  the  dam,  some  pros- 
pecting on  these  gravels  was  done  by  the  United  States  Geological  Survey.  The 
land  examined  by  L.  G.  Gillette  and  W.  L.  Walker  consisted  of  certain  claims  along 
Snake  River  in  Idaho  which  woiild  be  submeiged  when  the  lake  formed  by  the  dam 
at  Minidoka  was  full.  The  claim  farthest  upstream  that  was  examined  was  the 
Golden  Treasure,  about  25  miles  above  the  dam.  The  bulk  of  the  work  was  done  in 
the  neighborhood  of  the  old  placers  in  order  to  determine  the  value  of  the  ground 
that  was  formerly  considered  profitable.  It  was  found  that  the  values  were  very 
irregularly  distributed  and  in  but  few  places  equal  to  the  daims  made  by  those  inter- 
ested in  the  land.  The  prospecting  was  accomplished  by  means  of  test  pits,  panning, 
and  sampling,  the  samples  taken  being  shipped  to  Portland,  Or^.,  where  they  were 
treated  and  assayed  by  the  Survey  in  connection  with  the  blacknsand  investigation. 
*  *  *  It  was  found  that  in  general  the  values  were  concentrated  in  the  bottom 
of  the  loam  and  the  upper  portion  of  the  underlying  gravels.  The  surface  soil  or 
sandy  loam  is  common  and  ranges  in  thickness  from  2  to  12  feet  or  more.  The  gold 
was  everywhere  of  the  finest  flourlike  particles,  a  large  percentage  of  which  would 
pass  trhough  a  IdO-mesh  screen.  The  rocks  are  in  general  much  smaller  than  a  man's 
head,  although  in  a  few  places  rocks  large  enough  to  Interfere  with  dredging  or  other 
mining  operations  were  encountered.    ♦    *    • 

No  other  minerals  of  any  commercial  importance  were  found.  No  platinum  or 
monazite  was  observed  and  only  a  trace  of  zircon.  The  richest  sample  contained 
only  4  pounds  of  magnetite  per  ton.  These  results  indicate  that  the  percussion  type 
of  machine  can  be  used  advantageously  in  separating  the  Snake  River  fine  gold  from 
the  loam  and  gravels,  especially  after  preliminary  concentration  in  ordinary  sluice 
boxes  and  shunting  the  concentrates  onto  the  tables  by  means  of  undercurrents.  In 
the  25-mile  stretch  examined  by  Messrs.  Gillette  and  Walker  mining  work  was  carried 
on  only  at  the  Sample  placer  claim,  owned  by  W.  H.  Philbrick,  who  employed  one 
stream  in  his  ground-sluicing  operations. 

NEELY  (No.  10). 

Schultz  *  gives  the  following  description: 

The  gravels  along  Snake  River  in  the  vicinity  [south  and  east]  of  Wapi,  Idaho,  have 
been  worked  by  Dimn  &  Hand,  all  of  their  workings  being  on  old  high  bars  or  terraces 
(part  of  which  are  now  under  water)  along  the  present  river  channel.  G.  H.  Hand 
states  that  the  gold  here  is  a  very  fine  flake  gold  and  amalgamates  readily.  The  gold 
is  scattered  through  the  gravel  but  is  usually  best  at  the  top  of  the  beds.  It  occurs 
in  heaviest  particles  in  the  oldest  bars.  The  pay  streaks  run  from  a  few  inches  to 
6  or  7  feet  in  depth  but  in  some  places  exceed  22  feet,  at  which  depth  the  gold  has 
run  as  high  as  22  cents  per  cubic  yard.  Where  bedrock  Uee  at  the  shallow  depths, 
say  from  6  to  8  feet  below  the  surface,  the  pay  streak  in  some  places  rests  on  the  bed- 
rock. Occasionally  two  or  more  pay  streaks  are  encountered,  one  on  bedrock  and  the 
other  higher  in  the  gravels  or  near  the  top.    It  is,  however,  exceptional  to  find  the 

1  Schultz,  A.  R.,  Oold  dflvelopments  in  central  Uinta  County,  Wyo.,  and  at  other  points  on  Bnake  Rhrar. 
U.  S.  OeoL  Survey  BulL  815,  pp.  81-86,  1907. 
t  Idem.,  p.  86. 
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pay  streak  on  bedrock.  The  ban  in  thie  locality  are  very  extensive,  amounting  to 
hundredB  of  acres.  Actual  clean-up,  by  sluicing  some  thousand  of  yards,  shows  a 
value  of  a  little  more  than  20  cents  per  cubic  yard  for  some  million  of  yards.  Gravels 
of  much  higher  grade  occur  at  some  places  in  thin  seams.  For  a  short  distance  these 
may  run  aa  high  as  several  doUais  per  cubic  yard.  The  above  averages  are,  however, 
for  gravels  worked  from  12  to  15  feet  in  depth  and  include  both  the  gravels  and  the  sur- 
face soil.  Besides  the  gold,  the  gravels  for  the  above  depths  carry  about  three-fourths 
of  1  per  cent  of  black  sand  and  other  heavy  minerals. 

SOURCE  OF  THE  GOU). 

There  can  be  little  question  that  the  fine  gold  of  the  Snake  was 
derived  from  the  destruction  of  older  auriferous  deposits  and  not, 
as  suggested  by  Turner/  by  precipitation  of  the  gold  from  the  waters 
of  a  Miocene  lake.  That  most  of  the  gold  above  Boise  River  has 
come  from*  the  Teton,  Gros  Ventre,  Salt  River,  and  Caribou  mountains 
is  fairly  well  established,  inasmuch  as  no  gold  has  been  found  in 
Henrys  Fork,  Blackfoot  River,  or  Portneuf  River.  It  has  long 
been  known  that  in  the  upper  part  of  Snake  River,  which  heads  in 
the  Jackson  Hole  coimtry,  the  gravels  contain  gold.  The  ultimate 
source  of  the  gold  is  not  yet  definitely  known.  Some  gold  has 
undoubtedly  reached  the  Snake  from  the  Caribou  district,  of  south- 
eastern Bonneville  County.  The  gold-bearing  veins  and  gravels 
of  this  district  were  known  as  early  as  1870  and  reported  by  St. 
John '  to  be  nearly  vertical  northwestward,  trending  lodes  consisting 
of  rotten  ferruginous  quartz.  Schultz  *  visited  the  Caribou  district 
in  1913  and  reported  that  while  there  was  considerable  gravel  in  this 
region,  there  was  only  sufficient  water  to  operate  for  three  months 
each  year. 

Schultz  *  reports  that  gold  occurs  in  Jurassic  shales,  limestones, 
and  sandstones  in  the  northern  part  of  the  Wyoming  Range  at  Horse 
Creek.  The  sediments  are  slightly  brecciated  and  contain  numerous 
small  calcite  seams,  and  some  of  them  show  considerable  pyrite. 
He  also  reports  that  fine  gold  occurs  in  the  Aspen  formation,  of 
Upper  Cretaceous  age.  Rocks  of  the  same  age  are  seen  along  Snake 
River  east  and  north  from  Greys  River  and  probably  form  a  con- 
siderable part  of  the  Gros  Ventre  Moimtains. 

The  Teton  Mountains,  according  to  Bradley,^  are  composed  of  a 
pre-Cambrian  core  consisting  of  granite,  schist,  and  gneiss,  resting 
upon  which  are  Paleozoic  quartzites  and  limestones.  He  noted 
quartz  veins  in  the  granitic  core  but  stated  that  in  general  they 
appear  to  be  barren. 

1  Bell,  B.  N.,  The  origin  of  tbe  flue  gold  of  Boake  River:  Eng.  and  Min.  Jour.,  vol.  73,  pp.  14^144, 1002. 

*  St.  John,  Orestes,  U.  S.  GeoL  and  Qeog.  Survey  Teir.  Eleventh  Ann.  Rept.,  pt.  1,  pp.  404-405, 1870. 

s  Schultz,  A.  R.,  and  Richards,  R.  W.,  A  geologic  reOGonaissanoe  of  aontlieastem  Idaho:  U.  8.  Qeol. 
Survey  BtOl.  580,  pp.  267-283, 1913. 

«  Schnlts,  A.  R.,  Geology  and  geography  of  a  portion  of  linooln  County,  Wyo.:  U.  8.  GeoL  Borvey  BnlL 
543.  pp.  121-122, 1914. 

•  Bradley,  F.  H.,  V.  S.  GeoL  Survey  Terr.  Sixth  Ann.  Rept.,  pp.  250-271, 1878. 
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At  the  headwaters  of  Snake  Riyer,  on  Big  Game  Ridge,  thero  aro 
heavy  beds  of  ferruginous  conglomerates  which  have  been  named 
Pinyon  conglomerate.^  In  speaking  of  this  conglomerate  the  authors 
say: 

For  many  years  gravela  along  Snake  River  and  Pacific  Greek  in  the  neighborhood 
of  Jackson  Leike  have  been  known  to  yield  a  slight  amount  of  gold  *  *  *  ^ut 
not  in  remimerative  quantities.  Evidences  of  gold  may  be  found  *  *  *  in  the 
streams  coming  down  from  the  conglomerate.  It  is  quite  likely  that  this  gold  has 
in  great  part  been  derived  from  the  conglomerate  of  the  (Eocene)  Pinyon  fonnation. 

Shockley,'  who  examined  the  gold  gravels  of  the  Jackson  Hole 
country,  came  to  the  conclusion  that  the  gold  was  derived  from  the 
decomposition  of  auriferous  pyrite,  which  he  found  in  bowlders  of 
andesitic  rocks. 

CONCIiUSION. 

While  it  is  true  that  practically  all  the  gravels  of  the  Snake  River 
valley  contain  gold,  it  seems  to  be  equally  true  that  most  of  the 
deposits  contain  so  little  gold  that  they  can  not  be  called  placers. 
There  is  little  question  that  some  small  deposits  contain  sufBlcient 
gold  to  pay  for  extraction  if  it  were  possible  to  work  them  on  a  large 
scale,  and  it  is  probably  true  that  a  few  relatively  small  gravel 
deposits  contain  sufficient  gold  to  be  worked  at  a  profit  by  hand 
methods. 

The  problem  of  saving  the  fine  gold  is  one  which  has  received 
much  attention.  None  of  the  methods  so  far  tried  has  proved 
entirely  efficient  or  coxnmercially  successful.  Perhaps  the  solution 
of  this  problem  may  be  in  the  direction  of  the  cyanide  process, 
though  much  experimenting  must  be  done  before  a  commercially 
profitable  development  of  this  sort  can  be  hoped  for. 

Under  the  present  conditions  of  distribution,  character  of  the  gold, 
and  methods  of  its  recovery,  it  seems  very  doubtful  if  any  ventures 
of  a  size  large  enough  to  expect  success  can  be  commercially  profitable, 

UddiDgs,  J.  p.,  Weed,  W.  H.,  and  Hague.  Arnold,  Geology  of  the  TeUowstane  NatloDftl  Fade  U.  8. 
QeoL  Burvey  Hon.  32,  pt.  2,  pp.  184, 185, 189,  and  atlas,  1899. 

*  Staockl^,  7.  H.,  The  origfai  of  the  fine  gold  in  Snake  River,  Idaho:  Bng.  and  ICtn.  Jour.,  tqL  73,  pp. 
38(V-281,1902. 


PRELIMINARY  REPORT  ON  THE  ECONOMIC  GEOLOGY  OF 

GILPIN  COUNTY,  COLORADO. 


By  Edson  S.  Bastin  and  James  M.  Hill.* 


INTKODUCTION. 

The  following  brief  account  of  the  economic  geology  of  Gilpin 
County  and  adjacent  portions  of  Clear  Creek  and  Boulder  counties, 
Colo.,  summarizes  the  more  important  results  of  an  eidxaustive  geo- 
logic study  of  the  region.  The  final  report,  which  will  appear  as  a 
professional  paper  of  the  United  States  Geological  Survey,  is  volu- 
minous, and  as  its  publication  will  consume  much  time  it  appears 
desirable  to  publish  this  summary  to  meet  in  part  the  numerous 
demands  for  information  concerning  this  important  mining  district. 

The  area  considered  lies  30  to  35  miles  west  and  northwest  of 
Denver,  in  the  heart  of  the  Front  Range  of  the  Rocky  Mountains. 
It  is  the  oldest  lode-mining  region  in  Colorado,  and  its  discovery  in 
1859  was  the  occasion  of  a  "  rush  "  second  only  in  magnitude  and  con- 
sequences to  that  caused  by  the  California  discoveries  of  1849.  The 
area  includes  the  productive  portions  of  Gilpin  County  and  small 
adjacent  parts  of  Boulder  and  Clear  Creek  counties,  all  within  the 
regions  shown  on  the  Central  City  topographic  sheet  of  the  United 
States  Geological  Survey.  The  country  is  mountainous  and  of  mod- 
erate hxmiidity.  The  principal  mining  centers  are,  in  Gilpin  County, 
Central  City,  Blackhawk,  NevadaviUe,  Russell  Gulch,  Perigo,  and 
Apex ;  in  Clear  Creek  County,  Idaho  Springs,  Gilson,  Alice,  Dumont, 
and  Lawson ;  in  Boulder  County,  Caribou  and  Eldora. 

GENERAL  GEOIiOOT. 

The  entire  area  is  underlain  by  the  body  of  pre-Cambrian  rocks 
that  forms  the  core  of  the  Front  Range.  Probably  in  early  Ter- 
tiary time  igneous  rocks  of  many  varieties  were  intruded  as  dikes 
or  stocks  into  the  pre-Cambrian  rocks ;  these  intrusives  are  the  "  por- 
phyries" of  the  miners.  Surface  deposits  formed  by  glaciers  or 
streams  are  the  only  other  formations  present. 

^  Mr.  Charles  W.  Henderson  assisted  in  a  part  of  the  field  work. 
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FBE-CAMBBIAN  BOCKS. 

The  essential  characters  of  the  pre-Cambrian  formations  are  shown 
in  tabular  form  below,  the  youngest  at  the  top,  the  oldest  below : 

Pre-Camhrian  rocks  of  Central  City  quadrangle^  Colo, 


« 

Silver   Plume  granUe:     Hedhim-gralned 
biotite  granite  with  ooarser  pegmatitio 
iacies. 

LitUe  or  not  at  all  dynamo- 
metamorphosed. 

Igneous  rocks. 

Quartz  diorite:  Medium  grained,  locally 
grading  into  homblendite. 

Oranlte  gneUa:  Fine  to  medium  grained, 
somewhat  gneissio  eranite  with  coarse- 
grained pegmatitic  lacies. 

Uoderately  dynamometa- 
morphosed. 

Sedimentary  rocks. 

biotite  and    biotite-sQlimanite    schist, 
with  some  hornblende  schist  and  lime- 
silicate  rock. 

Highly  dynamometamor- 
phosed. 

The  more  important  characteristics  of  these  formations  are  briefly 
described  below. 

IDAHO  SPRINGS  FORMATION. 

The  Idaho  Springs  formation,  first  defined  by  Ball,*  underlies  fully 
half  of  the  eastern  portion  of  the  Central  City  quadrangle.  It  is 
also  widely  distributed  to  the  east,  in  the  Blackhawk  quadrangle, 
and  to  the  south,  in  the  Georgetown  quadrangle.  As  its  commoner 
rock  types  are  somewhat  less  resistant  to  erosion  than  most  other 
rocks  of  the  region  it  forms  few  high  peaks  or  ridges,  and  for  this 
reason  it  is  a  fair  inference  that  the  formation  is  not  so  widespread 
in  the  high  western  portion  of  the  quadrangle,  not  here  mapped,  as 
in  the  eastern  portion. 

Over  certain  areas,  as  for  example  between  Nevadaville  and  Moimt 
Pisgah,  the  formation  is  rather  free  from  intrusive  igneous  rocks; 
but  in  most  localities  igneous  rocks  are  associated  with  it  in  great 
abundance  and  in  very  intimate  and  irregular  fashion. 

'The  predominant  rocks  of  the  Idaho  Springs  formation  are  light 
to  dark  gray  quartz-biotite  schists,  in  places  carrying  some  horn- 
blende or  muscovite.  With  these  are  associated  lesser  amoimts  of 
biotite-sillimanite  schist,  quartzitic  gneiss,  dark-green  hornblende 
schist  and  gneiss,  and  lime-silicate  rocks  that  represent  metamor- 
phosed limestones,  and  in  a  few  places  rocks  that  are  supposed  to  be 
metamorphosed  conglomerates  are  found.  These  rocks  are  inter- 
banded,  show  transitional  varieties,  and  are  clearly  integral  parts  of 
one  formation.    The  less  common  types  occur  mostly  as  lens-shaped 

^  Ball,  S.  H.,  Geology  ot  the  Georgetown  qoadranfler  Colo. :  17.  S.  Geol.  Suxrey  Prof. 
Paper  68,  p.  87,  1908, 
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masses  and  not  as  continuous  bands  that  might  serve  as  indicators  of 
structure. 

Throughout  most  of  the  formation  bedding  planes  have  been  en- 
tirely obliterated  by  the  development  of  schistose  structure,  the  bio- 
tite  and  biotite-sillimanite  schists  in  particular  being  highly  foliated. 
On  the  other  hand,  certain  bands  of  quartzitic  schist  that  in  some 
places  persist  with  fairly  uniform  width  for  several  hundred  feet 
are  interpreted  to  represent  beds,  originally  more  sandy  than  their 
neighbors,  that  have  retained  in  part  their  original  form  because  the 
constituents  for  the  development  of  platy  minerals  during  meta- 
morphism  were  scarce. 

The  general  strike  of  the  foliation  is,  in  some  parts  of  the  quad- 
rangle, fairly  uniform  over  a  number  of  square  miles,  but  in  most 
places  the  schists  have  been  so  disturbed  by  numerous  intrusions  of 
igneous  rocks  that  all  conceivable  inclinations  can  be  observed  within 
a  single  square  mile,  and  faulting  has  produced  further  irregulari- 
ties. The  foliation  exhibits  no  broad  parallelism  with  the  axis  of 
the  range. 

The  Idaho  Springs  schists  and  lime-silicate  rocks  are  believed  to 
have  been  formed  by  the  general  dynamic  metamorphism  and  local 
igneous  metamorphism  of  a  thick  series  of  sedimentary  rocks. 

GRANITE   GNEISS. 

The  granite  gneisses  of  this  area  have  acquired  a  gneissic  struc- 
ture through  dynamic  metamorphism.  Their  essential  minerals,  like 
those  of  the  massive  granites,  are  quartz,  alkali  feldspar,  and  either 
muscovite  or  biotite. 

The  granite  gneiss  is  comparatively  rare  in  the  northern  part  of 
the  area  mapped  but  underlies  nearly  half  of  the  central  and  south- 
em  portions.  Its  areas,  though  of  irregular  outline,  are  commonly 
elongate  in  a  northeasterly  direction,  parallel  to  the  dominant  trend 
of  the  inclosing  Idaho  Springs  schists.  Some  areas  are  4  to  5  miles 
long  and  2  to  3  miles  across,  but  most  of  these  large  masses  inclose 
small  areas  of  the  Idaho  Springs  formation.  Excellent  exposures  of 
the  granite  gneiss  are  numerous  on  the  surface  and  in  the  mines  near 
Central  City  and  along  the  lower  course  of  Fall  River. 

The  granite  gneiss  is  believed  to  be  a  granitic  intrusive  rock  that 
has  received  a  foliated  structure  as  a  result  of  dynamic  metamor- 
phism subsequent  to  its  intrusion.  Its  intrusive  character  is  attested 
by  occasional  oflfshoots  from  the  gneiss  masses  that  penetrate  the 
Idaho  Springs  schists,  transgressing  their  foliation,  by  angular 
schist  fragments  inclosed  by  the  granite  gneiss,  and  by  contact- 
metamorphic  effects  produced  in  rocks  of  the  Idaho  Springs  for- 
mation inclosed  by  or  bordering  on  masses  of  granite  gneiss. 

10427*>— BulL  620-16 ^20 
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The  granite  gneiss  is  a  part  of  the  pre-Cambrian  axis  of  the 
Front  Eange.  Its  structural  relations  and  its  degree  of  metamor- 
phism  indicate  that  it  is  intermediate  in  age  between  the  oldest  and 
the  youngest  of  the  pre-Cambrian  rocks.  It  is  distinctly  younger  than 
the  oldest  pre-Cambrian  formation^  the  Idaho  Springs  formation, 
which  it  intrudes.  It  is  evident,  moreover,  that  the  Idaho  Sprmgs 
formation  was  schistose  prior  to  the  intrusion  of  the  granite  gneiss 
magma  and  that  the  magma  in  many  places  followed  this  schistosity 
as  the  direction  of  easiest  intrusion.  At  least  one  important  period 
of  dynamic  metamorphism  intervened,  therefore,  between  the  depo- 
sition of  the  sediments  of  the  Idaho  Springs  formation  and  the  in- 
trusion of  the  granite  gneiss  magma.  On  the  other  hand,  the  granite 
gneiss  is  itself  intruded  by  granite  pegmatite  and  massive  granite  of 
later  age. 

QUARTZ  DIORITE  AND  ASSOCIATED  HORNBLENDITB. 

Massive  to  slightly  gneissic  coarse-grained  rocks  varying  from 
quartz  diorites  to  homblendites  in  mineral  composition  are  found 
principally  in  the  central  and  southern  parts  of  the  area  surveyed. 
The  largest  body  extends  from  a  point  1^  miles  east  of  Yankee 
northeastward  to  Montana  Mountain  and  Pine  Creek,  and  its  width 
for  most  of  this  distance  is  nearly  half  a  mile.  Most  of  the  other 
bodies  form  broad  dikes  whose  trend  is  northeast,  parallel  to  the  pre- 
vailing trend  of  the  foliation  in  the  inclosing  schists  and  gneisses. 
In  the  northern  part  of  the  area  surveyed  quartz  diorite  has  been 
noted  only  in  two  small  patches  north  of  Nederland. 

The  quartz  diorite  and  its  associated  lighter  and  darker  colored 
rocks  are  intrusive  igneous  rocks,  probably  of  pre-Cambrian  age. 
They  were  intruded  subsequent  to  the  development  of  most  of  the 
foliation  in  the  Idaho  Springs  formation  but  before  the  intrusion  of 
the  Silver  Plume  granite  and  its  associated  pegmatite.  The  relation 
of  the  quartz  diorite  to  the  granite  gneiss,  though  far  from  clear, 
suggests  that  the  two  rocks  are  of  nearly  the  same  age  and  possibly 
came  from  a  common  magmatic  source.  An  alternative  hypothesis, 
suggested  by  Ball,^  is  that  the  quartz  diorites  and  homblendites  are 
derived  from  the  same  magmatic  source  as  certain  pre-Cambrian 
quartz  monzonites  that  occupy  large  areas  in  the  Georgetown  quad- 
rangle but  are  not  exposed  within  the  surveyed  parts  of  the  Central 
City  quadrangle. 

GRANITE  PEGMATITE. 

Under  the  name  granite  pegmatite  are  included  rocks  of  coarse  and 
usually  irregular  texture,  containing  the  same  minerals  that  are  found 
in  normal  granites.    The  principal  constituents  are  potash  feldspar, 

^Ball,  S.  H.,  op.  cit,  p.  66. 
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quartz,  biotite,  and  muscovite,  but  many  other  minerals  are  present 
in  subordinate  amounts. 

Granite  pegmatite  in  masses  too  small  to  map  is  abundant  through- 
out most  of  the  area  mapped  as  Idaho  Springs  formation.  Most  of 
these  small  intrusions  have  the  form  of  long,  narrow  lenses,  or  pinch- 
ing and  swelling  dikes,  lying  parallel  to  the  foliation  of  the  schists 
or  cutting  the  foliation  at  small  angles.  Other  pegmatite  masses 
are  exceedingly  irregular  and  may  transect  the  schist  foliation  in 
various  directions  and  even  inclose  angular  fragments  of  schist.  In 
many  places  the  pegmatite  magma  penetrated  the  schist  so  intimately 
that  pegmatite  and  schist  form  an  injection  gneiss,  and  locally  iso- 
lated "  eyes  "  of  pegmatite  were  developed ;  these  show  no  evidence  of 
strain  and  can  not  be  regarded  as  pegmatite  fragments  isolated  as  a 
result  of  shearing. 

The  granite  pegmatites  of  the  Central  City  quadrangle  are  believed 
to  have  been  derived  in  part  from  the  granite  gneiss  magma  and  in 
part  from  the  Silver  Plume  granite  magma.  As  the  pegmatites 
derived  from  each  source  are  similar  in  mineral  character  it  is  pos- 
sible to  distinguish  them  only  in  the  relatively  few  places  where  they 
can  be  traced  into  bodies  of  granite  gneiss  or  granite.  The  relative 
importance  of  the  two  magmas  as  sources  of  pegmatites  can  not  be 
estimated,  but  it  seems  probable  from  the  areal  distribution  of  granite 
gneiss  and  granite  that  the  pegmatite  of  the  southeastern  part  of  the 
quadrangle  came  mainly  from  the  granite  gneiss  magma  and  that  of 
the  northeast  part  of  the  quadrangle  came  mainly  from  the  Silver 
Plume  granite  magma.  As  already  stated,  the  granite  gneiss  and  the 
Silver  Plume  granite,  though  probably  of  widely  diverse  ages,  are 
both  believed  to  be  pre-Cambrian.  So  far  as  observed,  the  Terti- 
ary (?)  "porphyry"  magmas  yielded  no  pegmatitic  rocks. 

SILVER  PLUME  GRANmB. 

The  name  Silver  Plume  granite  was  applied  by  Ball  to  a  medium- 
grained,  usually  porphyritic  biotite  granite  forming  niunerous  stocks 
and  dikes  in  the  vicinity  of  Silver  Plume  and  Georgetown.  In  the 
present  report  all  the  granite  of  the  quadrangle  that  is  distinctly 
younger  than  the  granite  gneiss  is  classed  under  this  heading, 
although  there  is  some  question  whether  all  of  it  is  the  precise  equiv- 
alent of  the  granite  of  the  type  locality  near  Silver  Plume. 

The  Silver  Plume  granite  is  widely  distributed  through  all  except 
the  southeastern  portion  of  the  quadrangle.  It  forms  irregular  stocks, 
commonly  more  or  less  elongate  parallel  to  the  prevailing  trend  of 
the  foliation  in  the  schist  of  the  Idaho  Springs  formation  or  the 
granite  gneiss.  The  largest  body,  just  northeast  of  Caribou,  is  about 
8  miles  across. 
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The  Silver  Plume  granite  is  intrusive  into  most  of  the  pre-Cam- 
brian  rocks  of  the  quadrangle.  The  only  rocks  observed  to  cut  the 
granite  are  the  "  porphyries,"  of  probable  Tertiary  age,  and  a  few 
dikes  of  pegmatite  which  probably  came  from  the  same  magmatic 
source  as  the  granite  itself.  The  Silver  Plume  granite  is  believed  to 
be  pre-Cambrian,  and  with  the  exception  of  its  own  pegmatitic  phases 
it  is  the  youngest  of  the  pre-Cambrian  rocks  of  the  quadrangle.  The 
possibility  of  a  Paleozoic  age  for  this  granite  can  not  be  excluded  on 
the  basis  of  any  evidence  found  within  this  quadrangle,  but  where 
Paleozoic  rocks  are  exposed  on  the  flanks  of  the  Front  Range  no 
granites  intrusive  in  them  have  been  noted. 

TEBTIABY  (f)  INTBUSIVE  BOCKS. 
PRINCIPAL  TYPES. 

Throughoxit  all  parts  of  the  area  surveyed  igneous  rocks,  intrusive 
in  the  pre-Cambrian  formations,  are  of  common  occurrence.  These 
intrusives  constitute  irregular  stocks  and  dikes,  whose  form  and  dis- 
tribution are  shown  on  Plate  IX.  The  commonest  rock  types  are  mon- 
zonites  and  related  quartz  monzonites,  in  large  part  of  porphjrritic 
texture.  These  rocks  make  up  practically  the  whole  mass  of  the 
larger  stocks  and  many  of  the  dikes,  and  in  quantity  they  far  exceed 
all  other  types  among  the  Tertiary  (?)  intrusi ves.  The  remaining 
types  occur  as  dikes  and  small  stocks  and  lenses  and  to  a  lesser  extent 
as  irregular  masses  within  monzonite  stocks.  The  best  examples  of 
these  irregular  masses  are  the  titaniferous  iron  ores  and  associated 
gabbros,  peridotites,  etc.,  near  Caribou,  which  are  clearly  differentia- 
tion products  within  a  monzonite  magma.  The  dikes  and  small  stocks 
and  lenses  are  represented  by  the  bostonites  of  the  southern  part  of 
the  quadrangle  and  the  andesites,  diorites,  and  basalts  of  the  north- 
eastern part  of  the  quadrangle.  Although  many  of  these  dike  rocks 
differ  greatly  in  mineral  character  from  the  quartz  monzonites,  it  is 
thought  probable  that  most  of  them  had  a  common  magmatic  source 
and  are  of  essentially  the  same  age.  Their  differences  are  attributed 
to  magmatic  differentiation  at  considerable  depth  prior  to  intrusion 
into  their  present  positions. 

As  the  monzonitic  rocks  constitute  most  of  the  stocks  as  well  as 
many  of  the  dikes,  their  total  volume  is  many  times  the  combined 
volume  of  all  other  types.  It  is  probable,  therefore,  that  the  parent 
magma  from  which  the  various  rock  types  were  derived,  througli 
differentiation,  had  very  nearly  the  average  composition  of  the  large 
monzonite  stocks. 

The  two  most  abundant  types  among  the  Tertiary  intrusives  may 
be  briefly  described.    Their  distribution  is  shown  on  Plate  IX. 
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QUASTZ  MONZONITE  AND  QUARTZ  MONZONITE  PORPHTRT. 

The  quartz  monzonites  of  the  Central  City  quadrangle  contain 
orthoclase  feldspar,  calcic  plagioclase  feldspar,  some  quartz,  and 
usually  some  iron-bearing  minerals.  There  are  great  variations  in 
the  proportions  of  the  minerals,  in  the  coarseness  of  the  grains,  and 
in  the  degree  to  which  phenocrysts  are  developed.  In  many  localities 
iron-bearing  minerals  are  not  conspicuous,  but  in  certain  places  they 
may  be  present  in  amounts  up  to  30  or  40  per  cent  by  volume  and  give 
to  the  rock  a  dark-gray  color.  In  the  porphyritic  varieties  the  pheno- 
crysts may  be  wholly  feldspar,  or  there  may  also  be  phenocrysts  of 
quartz  or  of  iron-bearing  minerals.  The  phenocrysts  may  be  small 
or  large,  ranging  from  1  millimeter  to  3  centimeters,  and  may  be  all 
of  the  same  order  of  magnitude  or  of  heterogeneous  sizes.  The 
groundmass  appears  structureless  (aphanitic)  to  the  unaided  eye 
and  in  fresh  specimens  is  light  gray  to  purplish  gray.  In  the  non- 
porphyritic  varieties  the  texture  may  approach  porphyritic  (porphy- 
roid)  or,  more  rarely,  may  be  rather  evenly  granular.  A  few  dikes 
are  coarsely  porphyritic  at  the  center  and  more  finely  porphyritic  or 
massive  at  their  borders.  Many  varieties  are  usually  present  within 
the  same  monzonite  stock,  and  even  a  single  narrow  dike  may  show 
considerable  variations  in  character  along  its  length.  The  monzonites 
are  usually  massive;  only  in  a  few  places  do  they  show  a  slight 
banding  attributable  to  flowing  movements  during  crystallization. 

Quartz  monzonites  and  monzonite  porphyries  are  present  in  nearly 
all  parts  of  the  area  surveyed.  The  largest  masses  are  the  stocks  near 
Apex,  Ute  Mountain,  and  Caribou.  Dikes  are  particularly  abundant 
in  the  vicinity  of  Idaho  Springs.  The  details  of  distribution  are 
fully  shown  on  the  map  (PL  IX). 

BOSTONITE  AND  BOSTONITE  PORPHYRY. 

The  bostonites  of  the  Central  City  quadrangle  are  gray  to  lilac- 
colored  or  reddish-brown,  very  fine  grained  (microcrystalline)  rocks, 
composed  predominantly  of  alkali  feldspar  with  only  small  amounts 
of  quartz.  Varieties  with  phenocrysts  of  alkali  or  alkali-calcic  feld- 
spar or  of  pyroxene,  or  both,  are  termed  bostonite  porphyry.  The 
bostonites  and  bostonite  porphyries  are  confined  mainly  to  those 
parts  of  the  surveyed  area  lying  southeast  of  Mammoth  Gulch  and 
east  of  Empire.  They  occur  mainly  as  dikes,  which  in  a  few  places 
expand  into  lens-shaped  masses  one-eighth  of  a  mile  or  so  across. 
Some  of  the  dikes  fire  of  extraordinary  lengths,  one  being  traceable 
continuously  from  the  Topeka  mine,  near  Russell  Gulch,  northwest- 
ward for  4^  miles.  The  distribution  of  the  bostonite  dikes  between 
the  camps  of  Russell  Gulch  and  Nevadaville  is  noteworthy,  for  they 
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radiate  from  a  small  bostonite  area  near  the  Topeka  mine.  Expan- 
sions of  the  dikes  into  narrow  stocks  occur  1  mile  southeast  of  Dumont 
and  1^  miles  north  of  Lawson. 

Though  the  bostonite  porphyries  are  not  always  distinguishable 
without  microscopic  study  from  certam  monzonite  porphyries,  most 
of  them  can  be  readily  recognized  because  of  their  pinkish,  lilac, 
or  reddish-brown  body  or  groundmass  through  which  are  scattered 
pearl-gray  or  salmon-colored  phenocrysts  of  feldspar,  commonly 
under  5  millimeters  in  length,  though  occasionally  as  long  as  1  or 
even  2  centimeters.  Some  varieties  contain  green  prisms  of  pyroxene 
or  its  alteration  products  as  much  as  5  millimeters  in  length. 

The  pyroxene-free  bostonite  porphyries  are  not  readily  differ- 
entiated, without  the  aid  of  the  microscope,  from  certain  monzonite 
porphyries  of  the  region  between  Apex,  Perigo,  and  Phoenix,  which 
have  a  pinkish  groundmass,  but  microscopic  examination  of  the 
monzonites  shows  that  the  groundmass  is  granular  rather  than 
trachytic,  as  in  the  bostonites.  In  most  of  the  bostonite  porphyries 
the  phenocrysts  are  widely  scattered,  and  many  of  them  show  rhombic 
outlines.  The  nonporphyritic  bostonites,  if  fresh,  are  usually  recog- 
nizable by  their  lilac  or  reddish-brown  color,  but  if  altered  by  surface 
weathering  or  by  mineralizing  solution  they  are  usually  bleached 
buff  and  can  not  then  be  distinguished,  without  microscopic  exami- 
nation, from  fine-grained  monzonites. 

OTHER  TERTIARY  (?)  INTRUSIVE  ROCKS. 

In  the  vicinity  of  Caribou  there  occur  within  monzonite  stocks 
small  bodies  of  dark-colored  rocks,  including  iron  ores,  which  have 
clearly  formed  by  processes  of  differentiation  from  the  monzonite 
magma.  These  rocks  are  further  mentioned  on  page  813  in  the  dis- 
cussion of  the  titaniferous  iron  ores. 

The  region  between  Caribou,  Nederland,  and  Phoenix  is  charac- 
terized by  the  presence  of  a  profusion  of  dikes,  having  a  prevailing 
easterly  trend,  of  types  not  found  elsewhere  in  the  quadrangle.  They 
include  hornblende  monzonite  porphyries,  hornblende  and  biotite 
andesites,  and  hornblende  and  biotite  diorites.  Many  of  the  diorites 
are  very  dark.  These  various  dikes  are  not  wholly  contemporaneous, 
for  at  a  number  of  places  diorite  dikes  were  observed  to  cut  those  of 
andesite.  Nevertheless,  it  seems  probable  that  the  age  differences  are 
not  very  great  and  that  all  types  were  derived  from  a  common  parent 
magma  of  monzonitic  composition.  These  dikes  appear  to  take  the 
place,  in  the  Nederland  region,  of  the  monzonite  dikes  so  common  in 
other  parts  of  the  quadrangle. 

The  geologic  relations  within  the  Central  City  and  Georgetown 
quadrangles  indicate  merely  that  the  "  porphyries  "  are  younger  than 
the  pre-Cambrian  rocks,  which  they  cut,  and  are,  with  a  very  few 
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exceptions,  older  than  the  ore  deposits.  In  neighboring  parts  of  Colo- 
rado, however,  similar  "porphyries"  are  in  contact  with  sediments 
of  determinable  age.  The  evidence  from  these  adjacent  districts 
points  to  a  Tertiary  age  for  these  intrusive  rocks. 

STBUCTUBE. 

The  most  important  structural  characteristic  of  the  region  is  the 
intricate  manner  in  which  the  igneous  rocks,  ranging  from  pre-Cam- 
brian  to  Tertiary  (?)  in  age,  have  been  intruded  into  the  sedimentary 
Idaho  Springs  formation  and  into  each  other.  The  intrusives  range 
in  size  from  mere  threads  between  schist  folia  to  stocks  several  miles 
across.  Dikes  are  particularly  abundant,  and  a  few  of  them  are  trace- 
able continuously  for  over  5  miles.  Many  of  the  intrusives  are  len- 
ticular in  form,  with  their  greatest  dimensions  parallel  to  the  prevail- 
ing foliation  of  the  inclosing  rocks ;  others  are  extremely  irregular. 

Purely  dynamic  processes  have  also  played  a  part  in  the  structural 
history,  their  principal  effect  being  the  development  at  great  depths 
of  foliation  in  the  older  pre-Cambrian  rocks.  During  much  later 
periods  at  shallower  depths  faulting  took  place.  Some  of  the  faults 
were  formed  prior  to  or  contemporaneous  with  the  intrusion  of  the 
Tertiary  igneous  rocks;  others  were  formed  soon  after  these  intru- 
sions and  became  the  sites  of  ore  deposition;  and  still  others  were 
formed  subsequent  to  the  mineralization  and  displaced  the  ore  bodies. 
Faulting  may  still  be  in  progress.  Joints  are  numerous  in  the  more 
rigid  rocks  and  commonly  parallel  one  or  more  of  the  directions  of 
faulting. 

ECONOMIC  GEOLOGY. 

OBES  QBGUFEB  BY  FBEDOMINANT  METAL  VALUES. 

The  ores  of  Gilpin  County  and  adjacent  areas  here  described  may 
be  grouped,  according  to  the  metals  which  give  them  their  predomi- 
nant value,  into  five  classei^— r(l)  gold-silver  ores,  which  constitute 
the  main  economic  resource  of  the  region;  (2)  uranium  ores,  highly 
localized  but  of  much  interest  as  a  source  of  radium;  (3)  tungsten 
ores,  which  form  the  basis  of  the  tungsten  industry  of  Boulder 
County,  the  largest  producing  center  for  this  metal  in  the  United 
States;  (4)  copper  ores,  poor  in  precious  metals,  represented  solely 
by  the  Evergreen  mine,  near  Apex ;  (5)  titaniferous  iron  ores  of  Cari- 
bou, Boulder  County,  which  are  not  commercially  valuable. 

The  region  forms  part  of  a  broad  mineralized  belt  embracing  most 
of  the  important  mining  camps  of  Colorado. 

QBE  STBUCTXJBE. 

Veins  far  exceed  in  abundance  and  importance  all  other  structural 
types  among  the  ore  deposits  of  this  region.    A  few  large  deposits 
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are  stockworks,  and  there  are  also  a  few  irregular  ore  bodies  formed 
by  magmatic  differentiation.  Mechanical  concentrations  are  repre- 
sented by  auriferous  gravels,  now  practically  worked  out 

Veins, — ^Most  of  the  ore  bodies  occupy  zones  of  minor  faulting  and 
are  true  veins.  These  commonly  strike  between  east  and  N.  45'' 
E.,  and  dip  at  angles  of  60**  or  more ;  "  flat "  veins  are  rare.  Their 
width  is  commonly  between  1  foot  and  5  feet,  but  telluride-bearing 
veins  as  narrow  as  half  an  inch  or  less  are  worked,  and  exceptional 
mineralized  zones  attain  a  width  of  40  feet.  A  very  few  veins  are 
fillings  of  a  single  persistent  fracture,  but  most  of  them  are  min- 
eralized fracture  zones.  In  many  of  these  zones  brecciation  has  oc- 
curred and  the  spaces  between  tJie  rock  fragments  have  been  filled 
with  metallic  minerals.  The  longest  vein  noted  is  the  Mammoth, 
near  Central  City,  which  is  traceable  on  the  surface  almost  continu- 
ously for  6,000  feet.  Few  other  veins  attain  half  this  length.  The 
greatest  depth  to  which  a  vein  has  been  followed  is  2 j250  feet  along 
the  dip,  in  the  California.  While  certain  veins  are  without  im- 
portant branches,  most  of  them  are  elements  of  a  complicated  vein 
network  composed  of  master  veins  connected  by  oblique  cross  veins. 

Mineralization  along  the  vein  fractures  was  accomplished  by  the 
filling  of  open  spaces  and  by  solution  of  the  rocks  and  deposition  of 
ore  minerals  in  their  place  (replacement).  In  most  veins  both  proc- 
esses were  operative,  but  their  relative  importance  differs  in  differ- 
ent veins  and  in  different  parts  of  the  same  vein.  On  the  whole, 
replacement  has  been  more  important  than  fissure  filling. 

Stockworks. — One  of  the  most  interesting  geologic  features  of  the 
region  is  the  so-called  Patch  on  Quartz  Hill.  (See  PI.  X.)  The 
Patch  may  be  described  as  a  roughly  cylindrical  mass  of  brecciated 
rock,  which  is  locally  well  mineralized.  Its  surface  outcrop  is  oval 
and  about  500  by  800  feet  across,  and  the  breccia  has  been  traced 
downward  in  mine  workings  for  about  1,600  feet,  and  may  extend 
much  deeper.  The  brecciated  rocks  ai:e  pre-Cambrian  granite  gneiss 
and  Tertiary  porphyry  (bostonite),  so  that  the  brecciation  is  later 
than  the  porphyry  intrusion.  Movement  within  the  Patch  has  lo- 
cally been  great  enough  to  mingle  indiscriminately  rock  fragments 
of  several  different  varieties.  The  brecciation  and  also  the  minerali- 
zation have,  in  general,  been  greatest  along  the  line  of  several  veins 
of  northeasterly  trend  that  enter  at  one  side  of  the  Patch  and  emerge 
at  the  other.  The  mineralization  of  the  Patch,  as  of  the  veins,  has 
been  accomplished  in  part  by  the  filling  of  open  spaces  and  in  part 
by  replacement. 

The  origin  of  this  peculiar  ore  body  has  been  the  subject  of  much 
speculation  among  the  mining  men  of  the  region.  Detailed  evidence 
of  origin  will  not  be  given  here,  but  it  is  entirely  clear  that  the  Patch 
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breccia  was  formed  by  the  same  general  movements  that  developed 
the  associated  vein  fractures.  Where  the  Patch  now  is  a  number  of 
strong  vein  fractures  approached  unusually  close  to  one  another,  and 
the  movement  along  them  became  distributed  throughout  the  inter- 
vening rock.  The  mineralization  of  the  Patch  is  continuous  with 
that  of  the  veins  that  enter  it  and  is  of  the  same  mineralogic  character. 

Mineralized  breccias  similar  to  the  Patch  but  less  extensive  occur  in 
the  Hubert  mine,  at  Nevadaville,  and  the  Alice  and  Commercial 
Union  mines,  near  Alice. 

Maffmatic  seffregations. — ^Within  a  monzonite  stock  at  Caribou 
occur  four  bodies  of  gabbro  and  related  rock  of  somewhat  rounded 
outline.  The  greatest  dimension  of  any  of  these  is  about  one-fourth 
mile.  Within  these  gabbro  masses  in  turn  occur  several  small  bodies 
of  titaniferous  iron  ore,  some  of  which  are  lens-shaped  and  others 
wholly  irregular.  Gradations  are  traceable  from  iron  ore  through 
gabbro  into  monzonite,  and  the  ore  was  unquestionably  formed 
through  magmatic  differentiation. 

The  copper  minerals  of  the  Evergreen  mine,  near  Apex,  occur 
within  dikes  of  monzonite,  where  they  crystallized  at  the  same  time 
as  the  silicates  of  the  rock.  The  ore  is  apparently  a  product  of 
magmatic  differentiation  under  localized  and  unusual  conditions. 
(See  pp.  311-312.) 

Auriferous  gravels. — ^The  Pleistocene  and  Recent  gravels  of  this 
area,  originally  auriferous,  were  practically  worked  out  many  years 
ago. 

GOLD-SILVEB   OB.ESk 
GENERAL  CHARACTER. 

The  main  dependence  of  the  mining  industry  of  Gilpin  County  is 
upon  auriferous  and  argentiferous  sulphide  veins,  with  a  few  stock- 
works.  In  some  of  these  deposits  copper  or  lead  or,  more  rarely,  zinc 
are  abundant  enough  to  be  of  supplementary  value.  In  most  of  them 
gold  greatly  predominates  in  value  over  silver,  but  in  some^  usually 
as  a  result  of  downward  enrichment  in  silver,  the  reverse  is  the  case. 
Of  less  though  not  inconsiderable  value  are  deposits  in  which  the  gold 
and  silver  occur  mainly  as  tellurides  rather  than  in  sulphides.  Gold 
placers  may  be  neglected  in  the  present  discussion. 

One  of  the  most  interesting  features  of  the  ore  deposits  is  the 
mineralogic  diversity  exhibited  by  the  sulphide  ores  of  gold  and 
silver.  This  permits  them  to  be  classified  as  (a)  pyritic  ores;  (&) 
galena-sphalerite  ores;  (c)  composite  ores,  carrying  the  minerals  of 
both  the  other  classes.  The  distribution  of  the  veins  of  these  three 
classes  in  the  vicinity  of  Central  City  is  shown  on  Plate  X. 
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PTRinC  ORES. 

The  commonest  type  of  gold  ores  contains  pyrite  as  the  predomi- 
nant sulphide.  Chalcopyrite  and  tennantite  are  usually  present,  but 
always  in  subordinate  amounts.  The  principal  gangue  of  the  ores 
that  are  fissure  fillings  is  quartz,  but  the  gangue  of  the  replacement 
ores  is  sericitized  wall  rock.  A  group  of  veins,  all  lying  within  three- 
fourths  of  a  mile  of  the  Hazeltine  mine,  near  Eussell  Gulch  (see  PL 
X)  differ  from  the  commoner  pyritic  veins  in  carrying  enargite 
(SCujS.AsjSs)  instead  of  tennantite  (iCuaS-AsaSs).  Fluorite  is  a 
constituent  of  most  of  these  enargite-bearing  veins  and  of  a  few 
neighboring  veins  of  the  ordinary  pyritic  type.  The  enargite  and 
fluorite  bearing  veins  are  believed  to  be  merely  local  variations  of  the 
pyritic  mineralization,  for  both  enargite  and  fluorite  are  contem- 
poraneously intergrown  with  the  typical  minerals  of  the  pyritic  ores. 

Detailed  studies  of  many  ore  samples  show  that  the  pyritic  ores 
are  as  a  rule  irregularly  massive  in  texture,  and  that  the  charac- 
teristic ore  minerals  were  all  deposited  during  the  same  period  of 
mineralization.  It  is  possible  to  recognize  among  them,  however,  a 
prevailing  sequence  analogous  to  the  order  of  crystallization  among 
the  minerals  of  a  massive  igneous  rock.  To  epitomize,  chalcopyrite, 
tennantite,  and  fluorite  were  deposited  in  greater  abundance  in  the 
later  than  in  the  earlier  stages  of  the  pyritic  mineralization,  as 
shown  by  their  tendency  to  line  vugs  or  to  occupy  the  medial  portions 
of  veins.  The  chemical  significance  of  the  order  of  crystallization 
may  be  summarized  in  the  statement  that  copper,  arsenic,  antimony, 
bismuth,  and  fluorine  were  deposited  mainly  in  the  late  stages  of  the 
mineralization,  whereas  iron,  sulphur,  and  silica  were  deposited 
throughout  the  process. 

The  pyritic  ores  are  the  most  widely  distributed  ore  type,  occur- 
ring in  practically  all  parts  of  the  region  under  discussion.  They 
constitute  the  entire  output  of  the  Saratoga,  Pewabic,  Old  Town, 
Alice,  and  many  other  mines.  The  metal  content  of  the  smelting 
ore  commonly  lies  within  the  following  limits:  Gold,  1  to  3  ounces 
to  the  ton;  silver,  4  to  8  ounces  to  the  ton;  copper,  commonly  less 
than  1.5  per  cent,  but  in  some  ores  15  to  16  per  cent.  The  gold  content 
is  commonly  highest  in  the  ores  that  are  richest  in  chalcopyrite. 

GALENA-SFHALERITE  ORES. 

In  the  ores  of  the  second  type  the  predominant  primary  sulphides 

are  galena  and  sphalerite;  pyrite  is  next  in  abundance,  and  then 

chalcopyrite.     The  principal  gangue  minerals,  where  the  ores  are 

.  fissure  fillings,  are  quartz  and  either  siderite  or  calcite;  where  the 
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ores  are  replacements  the  gangue  is  sericitized  wall  rock.  Like  the 
pyritic  ores,  these  ores  occur  principally  as  veins  but  subordinately 
as  stockworks.  In  a  few  veins  of  this  type  situated  near  the  head 
of  Gilson  Gulch,  northeast  of  Idaho  Springs,  rhodochrosite  is  pres- 
ent. Barite  is  not  uncommon  as  a  subordinate  gangue  mineral.  A 
distinct  sequence  in  the  order  of  crystallization  of  the  minerals  of 
these  ores  is  much  less  apparent  than  in  the  pyritic  ores.  Most  of 
the  constituents  appear  to  be  strictly  contemporaneous,  but  in  some 
ores  the  crystallization  period  of  resin  sphalerite,  calcite,  siderite,  or 
quartz  persisted  later  than  that  of  the  other  constituent&  The  ore 
texture  is  irregularly  massive,  rarely  crustified. 

The  metal  content  of  the  galena-sphalerite  ores  is  much  more 
variable  than  that  of  the  pyritic  ores.  In  some  of  the  ores  (those  of 
Bed  Elephant  Hill,  near  Lawson,  and  Caribou,  for  example)  the  gold 
content  is  negligible,  and  the  veins  are  workable  for  silver  only 
where  the  silver  content  has  been  augmented  by  downward  enrich- 
ment. In  others  (such  as  the  Topeka,  Hubert,  and  Egyptian)  work- 
able amounts  of  gold  occur  in  the  primary  ores.  In  general,  for  the 
smelting  ores  of  the  galena-sphalerite  type,  the  gold  content  is  be- 
tween 0.1  and  5.5  ounces  and  the  silver  content  between  2  and  25 
ounces  to  the  ton.  A  noteworthy  exception  is  the  remarkable  bo- 
nanza ore  of  the  Klondike  vein  in  the  Topeka  mine,  near  Central 
City,  which  carried  free  gold  in  extraordinary  amounts.  An  88- 
pound  piece  when  smelted  yielded  $5,449,  largely  in  gold.  This  gold 
was  a  primary  crystallization,  being  contemporaneously  intergrown 
with  the  charactOTistic  primary  sulphides  of  the  vein.  The  copper 
content  of  the  galena-sphalerite  ores  is  usually  below  the  commercial 
limit  of  1.5  per  cent  and  rarely  exceeds  10  per  cent.  Lead  ranges  from 
a  trace  to  55  per  cent,  and  zinc  from  a  trace  to  25  per  cent.  In  general 
the  primary  ores  of  this  class  are  poorer  in  gold  and  copper  and 
richer  in  silver  than  those  of  the  pyritic  type. 

The  galena-sphalerite  ores,  though  widely  distributed  within  the 
area  under  discussion,  are  somewhat  less  common  than  the  pyritic 
ores.  The  mining  camps,  such  as  Caribou  and  Lawson,  that  have 
grown  up  near  certain  groups  of  these  veins,  are  classed  as  silver 
camps  because  of  the  great  predominance  of  that  metal  in  their  ores. 

COMPOSITE  ORES. 

The  ores  to  which  the  term  composite  is  here  applied  are  the  result 
of  dual  mineralization,  first  with  minerals  characteristic  of  the 
pyritic  ores  and  later  with  minerals  characteristic  of  the  galena- 
sphalerite  ores.  Many  of  the  most  important  mines  of  the  region, 
such  as  the  Gunnell  and  California,  have  produced  ores  of  this 
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character.  Plate  XI  shows  the  appearance  to  the  unaided  eye  and 
figure  18  the  microscopic  appearance  of  t3^ical  composite  ores.  Such 
relations  as  are  pictured  in  these  illustrations  indicate  (1)  pyritic 
mineralization,  (2)  fracturing,  and  (3)  mineralization  of  the  galena- 
sphalerite  type.  These  relations  were  noted  in  many  ores  in  all 
parts  of  the  region,  and  it  appears  certain  that  they  are  usual  and 
not  exceptional.  The  reverse  relation,  of  galena-sphalerite  ore  brec- 
ciated  and  its  interspaces  filled  with  pyritic  ore,  was  nowhere  noted. 
In  harmony  with  this  relation  is  the  occurrence  of  minerals  char- 
acteristic of  the  galena-sphalerite  ore  type  in  vugs  in  pyritic  ore. 

In  many  mines  two 
or  all  of  the  three 
types,  pyritic,  com- 
posite, and  galena- 
sphalerite  ores, 
may  be  present. 
Veins  that  near  the 
surface  are  com- 
posite very  com- 
monly become  py- 
ritic at  greater 
depths,  and  many 
veins  are  composite 
at  one  end  of  their 
outcrop  and  pyritic 
at  the  other. 

As  would  be  ex- 
pected, composite 
ores  are  most  abun- 
dant in  the  border 
regions  between 
areas  characterized 
by  pyritic  ores  and 
areas  of  galena-sphalerite  ores.  The  metal  content  of  the  composite 
ores  is  extremely  diverse;  it  has  all  the  variability  that  characterizes 
each  component  type  and  varies  also  with  the  proportions  in  which 
the  two  component  types  are  mingled. 

ALTERATIONS  OF  WALL  ROCK  NEAR  SULPHIDE  ORES. 
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Fiouui  18. — Drawing  showing  microscopic  appearance  of  pol- 
ished surface  of  gold-silver  ore  from  Specie  Payment  yein, 
Gilpin  Coanty,  Colo.    SPH,  sphalerite. 


The  predominant  wall-rock  alterations  associated  with  the  three 
types  of  sulphide  ores  just  described  consist  of  the  development  of 
sericite  and  pyrite.  Even  near  fissure  fillings  that  consist  predom- 
inantly of  galena  and  sphalerite  pyrite  is  the  principal  sulphidt 
developed  in  the  walls.     Carbonates   (usually  calcite  or  siderite) 
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are  developed  near  some  veins  and  not  near  others;  they  are  much 
more  abundant  near  ores  of  the  galena-sphalerite  type  than  near 
the  pyritic  ores.  In  their  early  stages  the  alterations  are  markedly 
selective,  the  minerals  showing  differing  susceptibilities  to  alteration 
and  yielding  different  alteration  products,  thus  indicating  a  chemical 
interchange  between  certain  rock  minerals  and  the  mineralizing 
solutions.  Chlorite  and  epidote,  formed  locally  in  the  early  stages 
of  alteration,  are  during  a  later  stage  replaced  by  sericite.  The 
earlier  effects  of  alteration  vary  in  different  kinds  of  rocks,  but  the 
final  products  of  the  process  are  similar  whatever  the  original 
character  of  the  rock. 

TELLUBIDE  ORES. 

The  telluride  ores  of  the  quadrangle  show  more  diversity  in  min- 
eral character  than  the  sulphide  ores  of  gold  and  silver,  and  knowl- 
edge concerning  them  is  less  definite.  It  is  not  certain  that  all  of 
them  were  formed  at  the  same  time. 

Tellurides  of  gold  and  silver  have  been  foimd  in  close  association 
with  sulphide  ores  of  gold  and  silver  in  the  Gem  and  Casino  mines, 
near  Idaho  Springs,  and  in  the  Kokomo,  Sleepy  Hollow,  and  Greg- 
ovj  mines,  near  Central  City,  but  the  writers  were  unable  to  procure 
specimens  that  showed  the  mutual  relations  of  sulphides  and  tellu- 
rides. It  is  imcertain,  therefore,  whether  the  tellurides  of  such  veins 
were  deposited  during  the  sulphide  mineralization  or  represent  a 
separate  mineralization.  In  the  mines  that  have  been  the  largest 
producers  of  telluride  ores  the  tellurides,  although  associated  with 
some  sulphides,  were  not  components  of  typical  sulphide  ores  of  the 
types  that  have  been  described  but  occurred  in  entirely  different 
mineral  associations  which  will  be  briefly  described.  In  the  East 
Notaway  and  West  Notaway  mines,  near  Central  City,  the  tellurides 
occur  as  a  constituent  of  small  veins,  characteristically  1  inch  to  3 
inches  wide,  which  consist  mainly  of  dark-gray  fine-grained  quartz 
with  minor  amounts  of  fine-grained  pyrite  and  antimoniacal  tennant- 
ite.  Locally  there  are  networks  of  small  veinlets  instead  of  a  single 
vein.  Microscopic  study  shows  that  all  the  vein  minerals  belong  to 
the  same  period  of  mineralization,  but  sulphides  are  commonly  most 
abundant  near  the  walls  of  the  veins  and  the  telluride  is  most  abim- 
dant  near  the  center.  The  telluride,  which  is  sylvanite,  usually 
forms  isolated  bladelike  or  tabular  crystals  in  the  quartz,  but  locally 
it  is  contemporaneously  intergrown  with  tennantite.  The  telluride 
veins  cut  dikes  of  Tertiary  monzonite  porphyry  and  cut  a  typical 
sulphide  vein  of  the  pyritic  type  (the  Homestake) . 

The  most  important  present  producers  of  telluride  ores  are  the 
War  Dance  mine,  near  Central  City,  and  the  Treasure  Vault,  near 
Idaho  Springs.    In  both  these  mines  the  tellurides  are  associated 


Central  City,  is  the  one  important  locality  in  the  United  States 
and  one  of  the  few  in  the  world  that  exemplifies  the  second  mode 
of  occurrence.  For  a  number  of  years  a  smiill  and  sporadic  produc- 
tion has  come  from  this  locality  and  has  been  ueed  mainly  in  experi- 
mental work  and  for  museum  specimens.  Pitchblende  has  been  found 
in  seven  mines  of  Quartz  Hill,  all  within  an  area  of  less  than  one- 
fourth  of  a  square  mile  in  extent.  (See  PI.  X.)  All  these  mines  have 
produced  sulphide  ores  of  gold  and  silver,  and  in  most  of  them  the 
pitchblende  has  been  of  very  subordinate  importance. 

Microscopic  study  of  the  ores  shows  conclusively  that  the  iiraninite 
is  intergrown  contemporaneously  with  chalcopyrite  and  probably 
with  quartz  and  pyrite,  but  that  it  is  sharply  cut  by  veinlets  com- 
posed of  galena,  sphalerite,  chalcopyrite,  pyrite,  and  quartz.  The 
minerals  contemporaneous  with  the  uraninite  are  those  characteristic 
of  the  pyritic  type  of  gold-silver  ores,  whereas  the  minerals  of  the 
transecting  veinlets  are  those  characteristic  of  the  galena-sphalerite 
type  of  gold-silver  ores.  From  the  evidence  available  it  therefore 
appears  probable  that  the  uraninite  ores  form  merely  a  local  and 
unusual  variety  of  the  pyritic  type  of  gold-silver  ores.  They  appear 
to  represent  a  mineralogic  variation  of  the  same  order  as  the  occur- 

>  Rtckard,  T.  A..  Tbe  veins  oF  Bouldpr  sad  Esleaorlle  :  Am,  Inst.  MId.  Eog.  Trail*.,  toI. 
83,  p.  68,  1902. 
'Ltudgreo,   Waldemar,  Some  goU  &u&  tuussten  depoilts  of  Booldec  CoDut;.  Colo.: 
EcoD.  Geology,  voL  2.  pp.  «8-i68.  IWn. 


ECONOMIC   GEOLOGY  OP  GILPIN   COUNTY,   COLO.  311 

rence  of  enargite  in  some  of  the  pyritic  veins  near  Russell  Gulch. 
The  Quartz  Hill  deposits  contrast  strongly  with  the  pitchblende 
deposits  of  Cornwall  and  the  Erzgebirge  in  their  entire  lack  of  nickel 
and  cobalt  minerals. 

TTTNGHSTEN  OBES. 

The  timgsten  ores  of  Boulder  County  have  been  described  at  length 
by  George  and  Crawford  *  and  were  not  investigated  in  detail  by  the 
present  writers.  The  principal  mineral  is  ferberite,  but  with  it  are 
associated  in  smaU  amounts  several  of  the  minerals  scheelite,  pyrite, 
chalcopyrite,  galena,  sphalerite,  molybdenite,  gold  tellurides,  and 
possibly  fluorite  and  adularia.  While  no  conclusive  proofs  have  been 
obtained,  these  mineral  associations  have  led  most  of  the  geologists 
who  have  studied  the  deposits  to  believe  that  they  are  closely  related 
to  the  gold-silver  deposits  of  the  region  and  are  probably  of  nearly  the 
same  age.  Three  features  noted  by  the  present  writers  appear  to 
have  a  bearing  on  their  origin  and  their  relation  to  the  other  ore 
classes  of  the  region :  First,  in  the  region  where  the  tungsten  ores  are 
most  abundant  they  almost  wholly  supplant  other  types  of  ores. 
Second,  they  occur  in  the  only  part  of  the  quadrangle  in  which  Ter- 
tiary dikes  of  andesitic  or  basaltic  composition  are  abundant  and 
adjacent  to  the  only  monzonite  stock  which  exhibits  extreme  differ- 
entiation into  dark-colored  rocks,  including  iron  ores.  Third,  the 
tungsten  district  lies  between  an  area  of  productive  gold-silver  veins 
on  the  west  and  a  regioil  barren  of  valuable  mineral  deposits  on  the 
east.  These  relations  and  the  mineral  associations  already  cited  are 
in  harmony  with  the  view  provisionally  adopted  by  the  present 
writers  that  the  tungsten  ores  represent  an  unusual  phase  of  the 
general  Tertiary  mineralization  of  the  region  and  that  their  origin 
is  possibly  connected  in  some  way  with  the  unusual  development  of 
dark-colored  iron-rich  rocks  within  the  monzonite  magmas  of  the 
area  between  Nederland  tod  Caribou. 

COFFEB  OBES. 

In  a  region  characterized  by  fissure  veins  that  are  valuable  mainly 
for  the  gold  and  silver  they  contain  the  copper  ores  of  the  Evergreen 
mine,  near  Apex,  stand  unique  as  regards  both  mineral  character  and 
mode  of  occurrence.  Their  imusual  features  attracted  the  attention 
of  fitienne  Ritter,^  who  showed  that  the  copper  sulphides  crystallized 
contemporaneously  with  the  other  minerals  of  the  rock. 

The  primary  ore  minerals  of  the  Evergreen  mine  are  bomite  and 
chalcopyrite.   These  minerals  do  not  occur  in  fissure  veins,  but  as  con- 

^  George,  B.  D.,  and  Crawford,  R.  D.,  The  main  tungsten  area  of  Boulder  County,  Colo. : 
Colorado  GeoL  Survey  First  Bept,  1908. 

'Bitter,  £:.  A.,  The  Evergreen  copper  deposit,  Colorado:  Am.  Inst.  Min.  Eng.  Trans., 
VOL  88,  pp.  751-766,  1908. 
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&tituents  of  dikes  of  monzonitic  composition  that  are  clearly  offshoots 
from  neighboring  monzonite  stocks.  In  places  the  monzonite  has  so 
bhattered  the  schist  and  pegmatite  wall  rock  that  an  igneous  breccia 
has  resulted.  Chalcopyrite  and  bomite  occur  in  the  igneous  matrix 
of  this  breccia,  but  not  in  the  wall-rock  fragments.  In  addition  to  its 
sulphide  content,  the  monzonite  of  the  Evergreen  mine  exhibits  other 
unusual  features;  it  carries  small  prisms  of  wollastonite  locally  in 
great  abundance,  and  in  a  few  places,  in  close  association  with  the 
sulphides,  it  contains  garnet. 

The  bomite  does  not  appear  to  be  an  alteration  product  of  the  chal- 
copyrite, for  the  occurrence  of  bomite  inclosed  by  chalcopyrite  is  as 
conmion  as  the  reverse  relation,  and  the  bomite  does  not  rim  the  chal- 
copyrite or  follow  incipient  fractures  in  it.  On  the  contrary,  the  two 
minerals  are  very  irregularly  associated,  locally  in  a  fashion  resem- 
bling a  graphic  intergrowth.  The  chalcopyrite  and  bomite  do  not 
appear  to  be  replacements  of  the  silicates  of  the  monzonite,  although 
they  may  have  corroded  the  silicates  slightly  in  places;  on  the  con- 
trary, they  appear  to  have  crystallized  at  essentially  the  same  time 
as  the  rock  silicates. 

Sogers,^  in  a  recent  paper,  figures  chalcocite  associated  with  bomite 
from  the  Evergreen  mine  and  suggests  that  the  chalcocite  is  a  product 
of  upward  enrichment.  Chalcocite  is  a  very  inconspicuous  mineral 
at  this  mine  and  is  seldom  recognizable  except  under  the  microscope. 
In  one  of  the  specimens  examined  chalcocite  is  irregularly  associated 
with  chalcopyrite  and  bomite.  The  origin  of  this  particular  chalco- 
cite is  uncertain.  In  most  other  specimens,  however,  chalcocite  has 
developed  along  incipient  fractures  in  the  bomite  and  along  contacts 
between  bomite  and  silicate  minerals.  This  relation  between  chalco- 
cite and  bomite  is  totally  different  from  the  relation  between  bomite 
and  chalcopyrite  and  is  taken  to  indicate  that  the  chalcocite  is  second- 
ary. As  the  mine  workings  are  all  shallow  it  is  impossible  to  say 
whether  the  chalcocite  was  deposited  by  ascending  or  by  descending 
solutions,  but  the  writers  are  much  inclined  to  accept  the  latter  and 
more  usual  explanation  of  its  origin. 

The  writers  believe  that  the  dominant  sulphides  of  this  mine,  chal- 
copyrite and  bomite,  were  probably  concentrated  by  differentiation 
from  the  monzonite  magma,  and  that  the  wollastonite  and  garnet  of 
the  ore-bearing  dikes  indicate  an  absorption  of  calcareous  material 
from  wall  rocks. 

The  ore  obtained  at  this  mine  is  said  to  average  about  3  per  cent  of 
copper  and  $4  to  $5  to  the  ton  in  gold  and  silver.  Its  distribution, 
however,  is  irregular,  and  with  the  exception  of  the  large  chamber 
stope  on  the  tunnel  level  no  large  bodies  have  been  encountered. 

^  Rogers,  A.  F.,  Secondary  sulphide  enrichment  of  copper  ores  with  special  reference  to 
microscopic  stndy :  lUn.  and  ScL  Press,  Oct  31,  1914,  p.  688. 
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Only  a  few  carloads  have  been  shipped,  and  the  work  is  still  largely 
exploratory.  The  ore  is  unquestionably  to  be  sought  in  and  near  the 
dikes,  but  as  the  sulphides  are  so  unevenly  distributed  in  the  dike 
rock  no  prediction  of  the  probable  value  or  extent  of  the  ore  can 
be  made. 

TTTANITEBOUS  IBON  OB£S. 

The  Tertiary  monzonite  stocks  of  Caribou  and  of  Bald  Mountain, 
northwest  of  Caribou,  unlike  the  other  monzonite  stocks  of  the  region, 
inclose  a  number  of  bodies  of  dark-colored  rock  that  are  clearly  prod- 
ucts of  differentiation  within  the  monzonite  magmas.  The  extreme 
products  of  this  process  are  several  bodies  of  iron  ore  that  show  some 
interesting  features  bearing  on  the  origin  of  titaniferous  iron  ores 
and  the  mechanism  of  magmatic  differentiation. 

The  greater  part  of  the  Caribou  and  Bald  Mountain  stocks  consists 
of  monzonite  and  quartz  monzonite  of  gray  color  and  medium  coarse- 
ness. Inclosed  within  these  rocks  and  forming  not  more  than  5  per 
cent  of  the  surface  of  the  stocks  are  a  number  of  small  irregular 
bodies  of  dark-colored  rocks  rich  in  iron-bearing  minerals.  The 
largest  of  these  bodies  is  only  about  a  quarter  of  a  mile  in  greatest 
diameter.  Within  these  areas  of  dark-colored  rock  in  turn  occur 
small  bodies  of  titaniferous  iron  ore.  In  places  the  contacts  between 
the  iron  ore  and  the  dark  rock  that  incloses  it  and  between  the  dark 
rock  and  the  monzonite  are  sharp,  but  in  many  other  places  complete 
gradations  occur  between  these  rock  types,  so  that  in  general  it  is 
clear  that  the  iron-rich  rocks  were  differentiated  from  the  monzonite 
magma,  the  differentiation  being  followed  locally  by  intrusion  of  the 
darker  into  the  lighter  types.  The  rocks  present  are  quartz  monzonite, 
monzonite,  olivine  monzonite,  gabbro,  hornblende  gabbro,  homblend- 
ite,  magnetite-rich  gabbro,  magnetite  peridotite,  and  magnetite 
pyroxenite. 

The  ores  have  been  studied  by  Jennings,*  who  says :  "  These  interest- 
ing deposits  have  little  or  no  economic  importance,  but  are  excellent 
examples  of  iron  ores  of  igneous  origin."  Singewald,*  who  has  also 
studied  the  deposits,  concludes  that,  "The  best  of  the  ore  is  only 
medium  grade  and  the  ore  lenses  are  very  small.  On  accoimt  of  its 
small  size  the  deposit  can  never  have  any  economic  value." 

As  is  well  known,  no  iron  ores  containing  appreciable  amounts  of 
titanium  are  now  used  in  the  iron  industry,  though  experiments 
looking  toward  their  utilization  are  now  in  progress.  The  presence 
of  titanium  is  not  injurious  in  steels  used  for  certain  purposes;  in 


1  Jennings,  E.  P.,  A  titaniferous  iron  ore  deposit  in  Boulder  County,  Colo. :  Am.  Inst. 
Min.  Eng.  Trans.,  toI.  44,  pp.  14-25,  1913. 

'Singewald,  J.  T.,  The  titaniferous  iron  ores  in  the  United  States:  U.  S.  Bur.  Mines 
Bull.  64,  pp.  126-128,  1018. 

10427*'--Bull.  620—16 21 


314         CONTBIBUTIONS  TO  ECONOMIC  GEOLOGY,  1915,  PABT  I. 

fact,  titanium  is  the  material  most  widely  used  to  give  steel  certain 
desired  properties.  Its  detrimental  effect  in  an  iron  ore  is  due  to  the 
fact  that  it  produces  a  refractory  slag  that  is  difficult  to  handle  in  the 
blast  furnace,  and  0.5  per  cent  seems  to  be  almost  as  detrimental  in 
this  respect  as  10  or  15  per  cent.  The  percentages  of  magnetite  and 
titanic  oxide  in  samples  of  the  Caribou  ore  analyzed  by  Jennings  and 
by  the  Geological  Survey  are  as  follows: 


Magnetite  (Fe^O . . . 
Titaoic  oxide  (TiOs) 


64.73 
4.48 


30.55 
2.00 


23.90 
2.53 


1,  E.  P.  Jenniogs,  analyst;  2, 3,  lean  ore,  George  Steiger,  analyst. 

Even  if  the  metallurgic  difficulties  involved  in  the  high  titanium 
content  can  be  overcome,  the  inaccessibility  of  these  deposits  and 
their  small  size  preclude  all  possibility  of  successful  exploitation. 

DOWNWABD   ENRICHMENT. 
GENERAL  CONDrTIONS. 

It  is  well  known  that  when  the  surface  portions  of  ore  deposits  are 
attacked  by  the  gases  of  the  atmosphere  and  by  water  of  surface  origin 
and  the  dissolved  substances  it  contains  a  part  of  the  ore  is  carried 
away,  either  mechanically  or  in  solution,  while  another  part  remains 
behind.  The  metals  carried  away  may  become  widely  scattered  and 
lost,  so  far  as  concerns  the  miner  of  to-day,  or  they  may  be  concen- 
trated elsewhere  in  ore  deposits  of  different  types,  such  as  the  gold- 
bearing  gravels  of  the  district  here  described  or  the  copper  ores 
found  in  surface  sandstones  in  other  districts.  The  metals  that  re- 
main behind  work  their  way  downward  into  the  ore  body,  either 
mechanically  or  in  solution ;  those  carried  mechanically  do  not  pene- 
trate far  and  those  descending  in  solution  are  liable  to  reprecipitation 
through  agencies  that  will  be  noted  later. 

Such  processes  as  those  outlined  above  must,  at  their  beginning,  as 
when  erosion  first  exposes  an  ore  body,  result  in  a  depletion  in  the 
value  of  the  surface  ore,  but  as  erosion  progresses  the  metals  left 
behind  come  in  time  to  represent  a  residuum  from  tens,  then  hundreds, 
and  perhaps  thousands  of  feet  of  ore  that  has  been  eroded  away. 
To  use  a  commercial  simile,  the  value  of  the  ore  in  the  upper  part 
of  a  deposit  may  thus  increase  '^at  compoimd  interest.'^  Such  a 
process  is  termed  ''  downward  enrichment,"  the  adjective  being  used 
to  distinguish  it  from  enrichment  caused  by  ascending  thermal 
solutions. 

The  gold-silver  ores  are  the  only  ones  in  this  region  that  have  been 
affected  in  any  considerable  degree  by  downward  enrichment,  but 
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as  these  constitute  the  dominant  ore  class,  the  process  has  been  one 
of  much  importance.  Enrichment  in  one  or  all  of  the  metals  gold, 
silver,  and  copper  has  taken  place;  enrichment  in  lead  and  zinc  has 
been  insignificant.  As  in  most  mountainous  regions,  the  ground- 
water level  is  very  irregular;  in  most  veins  it  originally  stood  50  to 
150  feet  below  the  surface. 

GOLD  ENRICHMENT. 

Weathering  of  the  ore  in  the  oxidized  zone  results  in  a  partial 
freeing  of  the  gold  from  its  matrix,  thus  exposing  it  to  mechanical 
concentration  and  to  the  solvent  action  of  waters  that  enter  the  upper 
parts  of  the  lodes.  The  enrichment  in  gold  observed  in  the  oxidized 
zone  of  ore  bodies  is  probably  in  large  part  the  result  of  mechanical 
concentration  during  weathering,  a  process  well  understood  and 
requiring  no  discussion  here,  but  solution  and  redeposition  of  gold 
may  also  have  taken  place.  It  would  be  expected  that  whatever  gold 
was  taken  into  solution  would  soon  be  reprecipitated,  for  it  is  well 
known  that  ferrous  sulphate  and  most  of  the  common  sulphides, 
including  pyrite,  chalcopyrite,  and  galena,^  are  very  effective  pre- 
cipitants  of  gold  from  a  chloride  solution.  As  several  of  these  pre- 
cipitating agents  are  abimdant  in  the  lower  part  of  the  oxidized  zone 
it  appears  unlikely  that  much  gold  in  solution'  could  successfully 
pass  them ;  if  it  did  it  could  hardly  travel  far  below  the  water  level 
before  being  precipitated  by  the  primary  sulphides.  These  deduc- 
tions appear  to  be  borne  out  by  the  facts  of  field  observation,  which 
afford  abundant  evidence  of  enrichment  in  gold  in  the  oxidized  zone 
but  no  certain  evidence  of  gold  enrichment  below  it. 

Enrichment  in  gold  in  the  oxidized  zone  is  characteristic  of  all  the 
types  of  gold-silver  ores  in  the  region — ^the  pyritic  ores,  the  galena- 
sphalerite  ores,  the  composite  ores,  and  the  telluride  ores.  Its  effects 
are  most  striking,  however,  in  certain  ores  of  the  galena-sphalerite 
type  which,  where  unoxidized,  carry  only  negligible  amounts  of  gold, 
usually  less  than  0.1  ounce  to  the  ton,  whereas  where  oxidized  they 
may  carry  1.5  to  3  ounces  of  gold  to  the  ton.  These  are  the  so-called 
silver  veins  whose  surface  portions  were  worked  by  the  pioneers  for 
gold  alone. 

Although  data  showing  in  a  systematic  way  the  distribution  of 
gold  below  the  oxidized  zone  are  rather  meager,  such  information 
as  is  available  fails  to  indicate  much  gold  enrichment  below  the 
water  level.  In  the  Iron  mine,  in  Bussell  Gulch,  for  example,  which 
develops  a  typical  pyritic  vein,  complete  records  of  a  careful  sampling 

^  Palmer,  Chase,  and  Bastin,  E.  8.,  Metallic  minerals  of  precipltants  of  silver  and  gold : 
Scon.  Geology,  voL  8,  pp.  150-160,  1918. 

*No  account  Is  here  taken  of  colloidal  gold  solutions,  of  whose  Importance  in  nature 
little  is  known. 
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of  all  parts  of  the  vein  fail  to  sbow  any  systematic  change  in  the 
gold  content  below  the  oxidized  zone. 

SILVER  ENRICHMENT. 

Silver  enrichment  contrasts  strongly  with  gold  enrichment  in  this 
district  in  that  there  is  impoverishment  rather  than  enrichment  of 
silver  in  the  oxidized  zone  and  notable  enrichment  below  the  oxidized 
zone.  Furthermore,  silver  enrichment  is  practically  confined  to  the 
one  type  of  galena-sphalerite  ores.  The  primary  silver  minerals  of 
the  region  are  silver  alloyed  with  gold  and  silver-gold  tellutides. 
Argentite  has  not  been  authoritatively  reported.  The  secondary 
silver  minerals  are  native  silver,  cerargyrite,  pearceite,  polybasite, 
and  proustite. 

It  is  well  known  that  silver  is  more  readily  taken  into  solution 
in  the  oxidized  zone  than  gold  and  that  fewer  metallic  minerals  can 
reprecipitate  it.^  The  poverty  in  silver  of  the  oxidized  zone  is  thus 
readily  imderstood. 

In  most  mine  waters  of  surface  origin  the  principal  negative 
radicles  present  are  CI,  CO,,  HCO,  and  SO^.  As  compounds  of  silver 
with  all  these  radicles  are  known,  it  is  customary  to  consider  the  dis- 
solved silver  as  existing  in  distributed  balance  with  as  many  of  these 
radicles  as  may  be  present.  Most  of  the  silver  balanced  by  chlorine 
is  likely  to  be  reprecipitated  in  the  oxidized  zone  as  the  difficultly 
soluble  silver  chloride  (cerargyrite  or  horn  silver).  Cerargyrite  is 
not  a  common  silver  mineral  in  this  district,  and  its  rarity  is  attrib- 
uted to  the  low  chlorine  content  of  the  surface  waters.  The  silver 
balanced  by  carbonate  and  sulphate  radicles  may  pass  downward 
below  the  oxidized  zone.  In  sulphide  ore  bodies  like  those  under 
consideration  most  of  the  silver  is  presumably  in  balance  with  SO4. 

The  silver  is  redeposited  below  the  ground-water  level  principally 
as  pearceite  and  proustite  and  very  subordinately  as  polybasite  and 
native  silver  in  vugs  or  fractures  in  the  primary  ore  or  as  replace- 
ments of  the  primary  ore  minerals,  both  metallic  and  nonmetallic 
It  is  significant  that  in  the  ores  of  this  region  arsenic  greatly  pre- 
dominates over  antimony,  both  in  the  primary  ore,  where  it  occurs 
principally  in  tennantite,  and  in  the  enriched  ores,  where  it  occurs 
in  pearceite  and  proustite.  The  chemistry  of  the  formation  of  the 
arsenosulphides  of  silver  is  too  little  imderstood  to  justify  discussion 
in  a  summary  of  this  kind,  but  geologic  observations  in  this  region 
suggest  some  limiting  conditions  that  may  be  a  guide  to  experimental 
chemical  work. 

The  first  point  is  that  the  ores  carrying  secondary  arsenosulphides 
of  silver  almost  invariably  carry  abundant  primary  siderite  or  cal- 
cite;  the  solutions  that  deposited  them  were  therefore  not  highly  acid. 

^Palmer,  Chase,  and  Bastin,  E.  S.,  op.  cit,  pp.  169-170. 
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A  second  significant  observation  is  that  downward  enrichment  in 
silver  is  practically  confined  to  ores  of  the  galena-sphalerite  type 
in  spite  of  the  fact  that  primary  silver  is  abimdant  in  all  the  other 
types  of  gold-silver  ores.  The  dominant  minerals  of  the  veins  show- 
ing silver  enrichment  are  galena,  sphalerite,  and  carbonates  (calcite, 
siderite,  or  rhodochrosite,  one  or  all) ;  pyrite  and  chalcopyrite  are 
present  in  smaller  amounts.  In  the  pyritic  type  of  ores,  in  which 
silver  enrichment  is  conspicuously  absent,  pyrite  and  quartz  are  the 
dominant  minerals,  and  tennantite  and  chalcopyrite  are  less  abundant. 

The  causes  for  this  restriction  of  silver  enrichment  .to  veins  of 
a  certain  mineral  composition  are  undoubtedly  complex,  but  the  pres- 
ence of  carbonate  gangue  minerals  in  the  ores  that  show  silver  en- 
richment is  believed  to  be  a  most  important  factor.  Their  presence 
has  led  to  an  early  neutralization  of  the  free  sulphuric  acid  in  the 
descending  silver-bearing  solutions.  Much  of  the  carbonate  in  these 
veins  is  ferruginous  (ferruginous  calcite  and  siderite),  and  this  by 
reaction  with  sulphuric  acid  yields  ferrous  sulphate,  an  effective 
silver  precipitant.  In  a  timely  and  suggestive  paper  Nishihara  ^  has 
compared  the  neutralizing  effect  of  various  carbonates,  silicates,  and 
sulphides  on  sulphuric  acid  and  their  activity  in  reducing  ferric 
sulphate  to  ferrous  sulphate.  It  is  very  significant  that  pyrite, 
quartz,  and  chalcopyrite,  the  principal  minerals  of  the  pyritic  type 
of  ores,  were  in  Nishihara's  experiments  comparatively  ineffective  in 
neutralizing  sulphuric  acid  and  in  reducing  ferric  to  ferrous  sul- 
phate. Galena  and  sphalerite  and,  of  course,  the  carbonates  are 
comparatively  efficient  in  neutralizing  sulphuric  acid  and  galena  is 
fairly  active  in  reducing  ferric  sulphate.  Furthermore,  galena  and 
sphalerite  in  solutions  of  sulphuric  acid  or  ferric  sulphate  generate 
hydrogen  sulphide,  which  may  precipitate  secondary  sulphides. 
Nishihara  has  also  shown  that  apparently  pure  galena  from  several 
localities,  among  them  Idaho  Springs,  carries  small  percentages  of 
manganese,  which  presumably  occurs  as  the  manganese  sulphide  ala- 
bandite  mixed  with  the  galena.  This  sulphide  evolves  hydrogen 
sulphide  very  actively  when  in  contact  with  acid  sulphate  solutions, 
and  if  present  in  the  enriched  veins  of  this  region  may  have  exerted 
a  considerable  precipitative  influence. 

It  appears,  therefore,  that  the  mineral  composition  of  the  galena- 
sphalerite  veins  that  show  enrichment  is  such  as  to  favor  early 
neutralization  of  acidity  of  the  silver-bearing  sulphate  solutions 
descending  from  the  oxidized  zone,  the  formation  of  ferrous  sulphate 
at  the  expense  of  ferric  sulphate  and  sulphuric  acid,  and  the  develop- 
ment of  hydrogen  sulphide.  All  these  features  are  believed  to  favor 
silver  precipitation.    In  the  ores  of  tjie  pyritic  type,  on  the  other 

1  Nishihara,  O.  S.,  The  rate  of  reduction  of  acidity  of  descending  waters  by  certain  ore 
and  gangue  minerals  and  its  bearing  upon  secondary  sulphide  enrichment :  BJcon.  Geology, 
VOL  9,  pp.  748-757,  1914. 
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hand,  the  conditions  favor  the  persistence  of  acidity  and  the  ret^i- 
tion  of  the  iron  in  the  ferric  state;  silver  taken  into  solution  in  the 
oxidized  zone  is  therefore  likely  to  remain  in  solution  and  eventually 
to  enter  the  general  ground-water  circulation  and  be  lost  so  far  as  the 
local  ore  deposit  is  concerned. 

In  some  of  the  deposits  of  the^  galena-sphalerite  type,  as  for  ex- 
ample those  of  the  Topeka  and  Seaton  veins,  the  primary  ores  are  of 
workable  grade,  but  in  many  others,  as  for  example  those  near  Law- 
son  and  on  Silver  Hill,  north  of  Blackhawk,  only  the  ores  that  have 
been  enriched  in  silver  can  be  profitably  mined.  These  secondary 
ores  form  the  typical  silver  ores  of  the  miners  of  this  region,  their 
gold  content  being  characteristically  small.  The  workability  of  any 
of  the  primary  ores  is  usually  due  to  the  fact  that  the  primary  gold 
content,  rather  than  the  primary  silver  content,  is  above  the  average. 

Veins  in  which  silver  enrichment  of  the  type  here  discussed  has 
taken  place  to  a  considerable  extent  occur  principally  in  four  locah- 
ties — (1)  near  Lawson  and  Empire  station,  (2)  on  or  near  Seaton 
Mountain,  north  of  Idaho  Springs,  (3)  on  Silver  Hill,  near  Black- 
hawk,  and  (4)  near  Caribou,  with  occasional  occurrences  elsewhere. 

The  silver  content  of  the  enriched  ores  shows  much  more  varia- 
bility than  that  of  the  primary  ores.  This  is  obviously  due  to  the 
occurrence  of  the  secondary  silver  minerals  in  fractures  and  as  local- 
ized replacements  rather  than  in  even  distribution  through  the  ore. 
The  silver  content  of  ores  of  smelting  grade  varied  from  a  few  tens 
of  ounces  up  to  a  thousand  ounces  to  the  ton,  or  even  more  in  picked 
lots;  6J  tons  shipped  in  1870  from  the  Idaho  mine,  near  Caribou, 
averaged  977^  ounces  of  silver  to  the  ton,  and  two  lots  of  ore  from 
the  Almaden  mine,  on  Fall  Kiver,  gave  on  assay,  according  to  tiie 
manager  of  the  property,  the  following  extraordinary  results  in 
ounces  to  the  ton : 

Gold.      SUy^r. 

149  pounds 0. 38    5, 810. 30 

510  pounds .  487    4, 084. 92 

The  decrease  in  silver  content  of  the  enriched  ores  with  increasing 
depth  has  been  the  prime  factor  in  the  decline  of  the  silver  mines 
of  this  district,  but  a  factor  of  subsidiary  importance  was  the  great 
decrease  in  the  market  value  of  silver,  from  $1.32  an  ounce  in  1872 
to  63  cents  in  1894,  a  fall  of  about  50  per  cent. 

CX)PPER  ENRICHMENT. 

Downward  enrichment  in  copper  is  not  conspicuous  in  any  of 
the  mines  and  is  of  little  economic  importance.  Conmionly  it  is 
restricted  to  the  development  of  thin  films  of  chalcocite  or  bomite  on 
chalcopyrite  in  the  upper  portions  of  pyritic  ore  bodies,  but  in 
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some  veins  of  the  galena-sphalerite  type,  as  already  mentioned,  small 
amomits  of  secondary  chalcopyrite  are  developed. 

GENESIS  OF  THE  PBTKABT  O&ES. 

RELATION  OF  MINERALIZATION  TO  VOLCANISM. 

The  ore  deposits  of  Gilpin  Comity  form  part  of  a  Inroad  mineral- 
ized belt  whose  diverse  types  of  ore  deposits  have  one  miifying 
feature,  their  invariable  association  with  Tertiary  igneous  rocks. 
Beyond  the  regions  characterized  by  these  rocks  the  ore  deposits  dis- 
appear. This  association,  suggestive  though  it  may  be,  would  cer- 
tainly not  be  sufficient  basis  for  concluding  that  the  ores  and  the 
Tertiary  igneous  rocks  are  genetically  related,  were  it  not  for  the 
fact  that  a  similar  association  of  ores  and  igneous  rocks  characterizes 
practically  every  region  where  lode  deposits  of  gold  and  silver  have 
been  studied  geologically.  Furthermore,  it  seems  probable  from  the 
geologic  observations  within  this  region  that  the  mineral  veins  were 
formed  late  in  the  period  of  "porphyry"  intrusion,  for  the  veins 
are  younger  than  most  of  the  "porphyry"  but  older  than  a  few 
scattered  "  porphyry  "  dikes.  Finally,  two  classes  of  ores,  the  titan- 
iferous  iron  ores  and  the  Evergreen  copper  ores,  are  products  of 
differentiation  from  the  monzonite  magmas.  It  is  believed,  therefore, 
that  a  genetic  connection  exists  between  the  mineral  veins  of  this 
region  and  the  Tertiary  igneous  rock& 

AGENT  OF  ORE  DEPOSITION. 

With  the  exception  of  the  iron  and  copper  ores  just  mentioned, 
all  the  ore  deposits  of  the  region  are  believed  to  have  been  deposited 
by  thermal  solutions  which  escaped  from  the  "  porphyry  "  magmas, 
probably  during  their  crystallization.  The  "porphyries"  now  ex- 
posed at  the  surface  may  have  given  off  solutions  that  deposited  ores 
at  horizons  above  the  present  surface,  but  the  solutions  which  de- 
posited the  veins  and  stockworks  came  from  bodies  of  igneous  rock 
that  are  still  deeply  buried,  as  is  shown  by  the  fact  that  the  veins, 
with  few  exceptions,  cut  the  "porphyries"  now  exposed.  There 
appears  to  be  no  basis  for  the  belief  locally  current  that  the  occur- 
rence of  an  ore  deposit  in  or  near  "  porphyry  "  is  a  favorable  indi- 
cation ;  the  relations  between  ores  and  "  porphyries  "  are  of  a  much 
larger  and  more  generalized  order  than  that  implied  in  any  such 
concept. 

REGIONAL  VARIATIONS  IN  MINERALIZING  SOLUTIONS. 

Not  only  did  the  composition  of  the  mineralizing  solutions  change 
during  the  ore-forming  period,  as  is  shown  below,  but  there  is 
evidence  that  solutions  which  were  strictly  contemporaneous  were 


some  of  the  veins  and  for  the  development  of  some  entirely  new  frac- 
tures. This  interval  may  not  everywhere  have  heen  of  the  same  dura- 
tion, but  probably,  in  geologic  terms,  it  was  short  and  is  to  be  in- 
terpi-eted  as  an  episode  in  a  single  general  ore-forming  period  rather 
than  as  a  notable  interval  between  two  distinct  periods.  Certainly 
the  ores  of  both  types  were  deposited  under  similar  general  conditions 
as  regards  depth  and  temperature,  followed  the  same  or  parallel  lines 
of  fracturing,  and  have,  broadly,  the  same  distribution.  At  Leadville, 
within  the  same  great  mineral  province,  where  ores  similar  to  the 
pyritic  and  galena-sphalerite  types  of  this  quadrangle  are  also  pres- 
ent, the  pyritic  portions  of  the  ores  were,  in  general,  the  first  to  be 
deposited,  but,  according  to  J.  D.  Irving,'  there  is  no  evidence  of  an 
interval  between  their  deposition  and  the  deposition  of  the  portions 
of  the  ores  rich  in  galena  and  sphalerite.  Evidence  of  an  interval,  if 
present,  would  presumably  be  less  readily  recognizable  in  replacement 
ores  like  those  of  Leadville  than  in  ores  that  are  fissure  fillings,  or  it 
may  be  that  the  mineralization  which  progressed  pulsatingly  in  Gil- 
pin County  progressed  more  uniformly  at  Leadville. 

TEMPERATURE  AND  FRESSTntE  OF  ORE  FORMATION. 

For  his  concept  of  the  temperature  and  pressure  under  which  ore 

deposits  were  formed  the  geologist  is  dependent  upon   (1)  physio- 

<Oral  communication. 
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graphic  and  stratigraphic  evidences  of  the  extent  of  erosion  subse- 
quent to  mineralization,  (2)  direct  laboratory  data  in  regard  to  the 
range  of  stability  of  ore  minerals,  and  (3)  indirect  knowledge  of  the 
conditions  under  which  certain  ore  minerals  are  stable,  based  on  esti- 
mates of  the  amount  of  postmineral  erosion  in  a  large  number  of 
mining  districts.  Through  the  application  of  one  or  more  of  these 
criteria  it  is  generally  possible  to  determine  whether  the  ores  were 
formed  under  conditions  of  great,  moderate,  or  slight  intensity  as 
regards  temperature  or  pressure,  or  both,  even  though  it  may  not  be 
possible  to  express  these  conditions  accurately  in  degrees  of  tempera- 
ture or  in  pounds  per  square  inch  of  pressure. 

The  application  of  the  first  of  these  criteria  lo  the  Gilpin  County 
deposits  is  attended  by  many  uncertainties,  but  from  the  data  avail- 
able 7,000  to  11,000  feet  appears  the  most  probable  depth  of  formation 
of  most  of  the  deposits.  At  a  depth  of  9,840  feet  (3,000  meters)  the 
hydrostatic  pressure  would  be  about  300  atmospheres  and  the  rock 
pressure  about  810  atmospheres.  Under  the  normal  increase  of  tem- 
perature with  increasing  depth  the  temperature  at  a  depth  of  9,000 
feet  would  be  about  100°  C.  This  may  be  regarded  as  the  minimum 
possible  temperature  of  ore  formation,  but  it  gives  no  clue  to  the 
actual  temperature. 

The  mineralogy  of  the  ores  is  presented  in  the  accompanying  table, 
which  shows  that  in  all  the  ores  believed  to  be  deposits  from  thermal 
waters  there  is  an  entire  absence  of  minerals  characteristic  of  very 
high  temperature,  high  pressure,  or  both,  or  of  low  temperature  and 
shallow  depth.  The  absence  of  silicates,  except  adularia  and  sericite, 
is  noteworthy.  Oxides,  except  silica,  are  not  present  as  primary  min- 
erals. Pyrrhotite,  a  sulphide  characteristic  of  intense  conditions,  is 
absent.  Chalcedony,  a  mineral  occurring  usually  in  deposits  of  shal- 
low origin,  though  locally  in  those  formed  under  conditions  of  mod- 
erate intensity,  is  present  only  in  small  amounts  in  a  few  telluride 
veins.  Eealgar,  orpiment,  stibnite,  and  many  other  minerals  charac- 
teristic of  deposits  formed  at  slight  depth  are  absent.  On  the  other 
hand,  tennantite  and  enargite,  which  are  commonly  found  in  deposits 
formed  under  moderately  intense  conditions,  are  abundant  in  certain 
of  the  veins  of  this  region. 

The  mineralogic  as  well  as  the  physiographic  and  stratigraphic  evi- 
dence therefore  points  to  the  formation  of  the  gold-silver  lodes,  the 
pitchblende  ores,  and  probably  also  the  tungsten  ores  imder  condi- 
tions of  moderate  intensity.  The  depth  of  formation  was  probably 
7,000  to  11,000  feet.  Direct  evidence  of  the  temperature  of  forma- 
tion is  lacking,  but  from  analogy  with  similar  deposits  elsewhere  its 
probable  limits  may  be  placed  at  150°  to  300°  C. 

The  following  table  includes  minerals  developed  metasomatically 
in  wall  rocks,  as  well  as  those  that  are  fissure  fillings : 
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Ore  minerals  of  Central  City  quadrangle,  Col6% 
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OOMFOSmON   OF   MIKSRALIZINO    SOLUTIONS. 

The  composition  of  the  solutions  which  deposited  the  gold-silver 
ores  and  pitchblende  ores  may  be  inferred  in  a  qualitative  way  from 
the  mineralogy  of  the  ores  and  the  wall-rock  alterations.  To  sum- 
marize without  detailing  the  evidence,  it  appears  that  these  solutions 
were  alkaline  or  neutral  in  character  and  that  they  were  rich  in  alkali 
earths ;  during  the  early  stages  of  the  mineralization  they  were  rich  in 
iron  and  silica  and  during  the  later  stages  rich  in  lead,  zinc,  car- 
bonate, and  bicarbonate;  they  carried  smaller  amounts  of  copper, 
arsenic,  antimony,  gold,  and  silver,  and  locally  they  carried  manga- 
nese, sulphate,  barium,  tellurium,  fluorine,  uranium,  and  vanadium. 
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By  Willis  T.  Lee. 


INTRODUCTION. 

Interest  has  recently  been  revived  in  the  Aztec  mine  at  Baldy, 
Colfax  County,  N.  Mex.,  which  was  first  described  by  Raymond  * 
in  1870  and  later  by  Jones  'and  Graton,"  by  the  discovery  of  a  large 
body  of  high-grade  gold  ore.  This  mine,  situated  on  the  Maxwell 
land  grant,  was  a  famous  producer  45  years  ago,  but  after  the  exhaus- 
tion of  the  body  of  ore  then  worked  the  mine  attracted  Uttle  atten- 
tion. An  adit,  started  a  few  years  ago,  was  driven  through  several 
smaU  deposits  of  moderately  rich  ore  and  in  August,  1914,  entered 
a  large  body  of  high-grade  ore.  This  ore  body  has  yielded  good 
returns.  Its  extent  had  not  been  ascertained  at  the  time  of  the 
writer's  investigation  in  July,  1915. 

DISCOVERY  AND  DEVELOPMENT. 

The  Aztec  mine,  owned  and  operated  by  the  Maxwell  Land  Grant 
Co.,  is  situated  at  an  altitude  of  more  than  10,000  feet  above  sea 
level,  on  the  eastern  slope  of  Baldy  Peak,  which  reaches  an  altitude 
of  nearly  12,500  feet.  The  mine  is  connected  by  wagon  road  with 
Ute  Park,  the  present  terminus  of  the  St.  Louis,  Rocky  Mountain 
&  Pacific  Railway,  a  branch  line  of  the  Santa  Fe  System.  Accord- 
ing to  a  published  report  the  gold  was  discovered  on  Baldy  Peak 
by  a  man  prospecting  for  copper,  which  had  previously  been  found 
there.  The  account  states  that  an  Indian  who  came  to  Fort  Union 
on  a  trading  expedition  exhibited  some  specimens  which  he  had 
picked  up  on  the  peak.  The  white  men  at  the  fort  recognized  them 
as  copper  ore  and  sent  one  of  their  number  with  the  Indian,  who 
showed  him  where  the  ore  was  found.  This  resulted  in  the  location 
of  a  prospect  which  for  several  years  was  known  locally  as  the  Copper 
mine,  but  which  later  became  known  as  the  Mystic  lode.  It  is  on 
the  west  side  of  Baldy  Peak,  near  the  top,  at  an  altitude  of  about 
12,200  feet. 

1  Raymond,  R.  W..  Statistics  of  mines  and  mining  In  the  States  and  Territories  west  of  the  Rocky  Moun- 
tains for  1860,  pp.  385-388, 1870. 

*  Jones,  F.  A.,  Mines  and  minerals  of  New  Mexico,  pp.  144-151, 1904. 

•  LIndgien,  Waldemar,  Oraton,  L.  C,  and  Gordon,  C.  H.,  The  ore  deposits  of  New  Mexico:  U.  S.  Oeol. 
Burv^  Prof.  Paper  68,  pp.  02-106,  lOia 
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for  several  years,  and  according  to  Jones  >  about  12,250,000  worth  of 
gold  was  recovered.  However,  the  scarcity  of  water  made  operation 
expensive,  and  although  only  a  small  part  of  the  placer  ground  has 
been  worked,  no  extensive  operations  have  been  carried  on  there  for 
several  years.  The  placer  gold  was  found  only  along  streams  heading 
on  Baldy  Peak,  and  this  led  to  a  search  of  its  slopes  for  the  lode.  In 
June,  1868,  the  outcrop  was  discovered,  and  later  the  Aztec  mine  was 
opened  on  it.  The  mine  was  rapidly  developed,  and  a  15-stamp  mill 
was  put  into  operation  October  29,  1868.  For  a  few  years  the  yield 
was  sometimes  as  high  as  $21,000  a  week.  Raymond '  reported  in 
1870  that  ore  from  this  mine  averaged  as  high  as  $68.83  a  ton  saved 
on  the  plates.  It  is  estimated,  according  to  Graton,*  that  the  total 
amount  of  gold  taken  from  this  mine  was  "between  SI, 250,000  and 
$1,500,000,  of  which  about  $1,000,000  was  taken  out  in  the  first  four 
years." 

This  mine  brought  the  district  into  prominence  and  is  said  to  have 
been  the  inmaediate  cause  of  the  sale  to  an  English  syndicate  of  the 
Maxwell  land  grant,  consisting  of  1,750,000  ncres.  The  original 
grant  was  made  by  Mexico  in  1843,  but  its  boundaries,  as  clfumed, 
were  called  into  question  by  the  officials  of  the  United  States  Gov- 
ernment until  1861,  when  Congress  confirmed  the  grant.     The  body 
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of  the  ore  which  had  yielded  the  rich  returns  was  soon  exhausted. 
In  1872  the  mine  became  involved  in  litigation  and  mining  operations 
ceased.  Thereafter  for  more  than  40  years  occasional  efforts  were 
made  to  find  other  bodies  of  paying  ore.  Accounts  of  these  attempts 
are  contained  in  the  reports  cited.  The  sedimentary  rocks  of  the 
district  are  faulted  and  intruded  by  igneous  rock  in  the  form  of  dikes 
and  sills.  Near  these  bodies  of  igneous  rock  and  in  the  zone  of  frac- 
ture many  prospects  have  been  opened,  and  in  some  of  them  small 
quantities  of  ore  have  been  found,  but  none  that  yielded  notable 
returns. 

In  1909  J.  T.  Sparks,  then  in  chaise  of  the  development  work  at 
Baldy,  ascertained  that  a  quartzose  conglomerate,  now  known  to 
constitute  the  base  of  the  Raton  formation  in  this  region,  is  the 
"quartzite"  and  that  the  imderlying  Pierre  shale,  of  Cretaceous  age, 
is  the  ''slate"  of  the  old  Aztec  workings.  He  confined  his  attention 
to  this  contact  and  found  ore  in  several  places.  In  the  extension 
of  one  of  the  entries  started  on  this  contact  his  successor,  E.  V. 
Deshayes,  found  the  body  of  rich  ore  which  is  being  worked  at  the 

present  time. 

GEOGRAPHY. 

Baldy  Peak  (fig.  19)  is  the  highest  point  of  a  prominent  ridge  which 
Graton  called  the  Cimarron  Range  and  which  is  separated  from  the 
main  range  of  the  Rocky  Mountains  by  Moreno  Valley,  a  troughlike 
basin  draining  eastward  by  a  narrow  canyon  cut  through,  this  range 
by  Cimarron  River.  Because  of  its  great  sJtitude  Baldy  Peak  receives 
relatively  heavy  precipitation,  but  the  mine  is  situated  on  the  steep 
slope  so  near  the  head  of  Ute  Creek  that  the  streams  are  small  and 
difiiculty  is  experienced  in  obtaining  enough  water  for  mining  opera- 
tions. Farther  down  Ute  Creek  there  is  a  small,  steady  flow  that  has 
been  utilized  for  many  years  in  placer  mining. 

GEOLOGY. 

Only  two  sedimentary  formations  crop  out  in  the  vicinity  of 
Baldy — the  Pierre  shale,  of  Cretaceous  age,  and  the  Raton  formation, 
of  early  Tertiary  age.  At  Ute  Park  and  localities  farther  east  the 
Pierre  shale  is  overlain  by  the  Trinidad  sandstone  and  the  Vermejo 
formation,  both  of  Cretaceous  age.  The  Vermejo  contains  the  most 
valuable  coal  beds  of  the  Raton  coal  field.  These  formations  are 
overlain  unconformably  by  the  Raton  formation,  and  between  Ute 
Park  and  Baldy  the  Trinidad  and  Vermejo  were  eroded  away  before 
the  sediments  of  the  Raton  were  deposited,  so  that  the  Raton  now 
lies  across  beveled  edges  of  the  older  rocks,  as  indicated  in  figure  20. 

The  sedimentary  formations,  which  were  originally  almost  hori- 
zontal, are  now  faulted  and  upturned  on  the  flanks  of  the  moimtain. 
Idinor  folds  and  small  faults,  formed  probably  at  the  time  the  beds 
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were  upturned,  antedate  the  deposition  of  the  ore.  The  movements 
that  produced  these  faults  and  folds  occurred  some  time  after  the 
beginning  of  the  Tertiary  period,  for  the  beds  of  early  Tertiary  age — 
the  Raton  formation — are  involved  in  them. 

The  igneous  rock  of  the  district  consists  of  quartz  monzonite  por- 
phyry and  occurs  as  dikes  and  sills.  The  sills  are  numerous,  and 
many  of  them  were  intruded  into  the  Pierre  shale,  although  some 
occur  also  in  the  Raton  formation;  the  dikes  cut  both  formations. 
Inasmuch  as  these  igneous  rocks  cut  the  Raton  formation,  the 
intrusion  was  of  post-Raton  date  and  possibly  accompanied  the 
uplifting  of  the  sedimentary  beds.  A  prospect  tunnel  driven  into 
the  west  side  of  the  mountain  in  penetrating  a  thickness  of  1,400 
feet  of  rock  went  through  six  sills  aggregating  425  feet  in  thickness. 
As  Graton  has  pointed  out,  these  intrusive  rocks  have  effected  pro- 
nounced local  metamorphism  of  the  shales. 


FiouKE  20.— Sketch  profile  through  Baldy  Peak  and  Aztec  mine,  Baldy,  N.  Mex.,  showing  the  uncon- 
formity between  the  Raton  formation  and  the  Pierre  shale.  The  gold  ore  at  Baldy  occurs  along  this 
unconformity. 

OCCURRENCE  OF  ORE. 

The  gold  ore  is  clearly  associated  with  the  igneous  rock,  and  many 
of  the  small  ore  deposits  of  the  district  are  reported  to  occur  at  the 
contact  of  this  rock  with  the  shale.  However,  the  principal  bodies 
of  ore  known  at  the  present  time  are  not  in  immediate  contact  with 
the  intrusive  rock. 

The  principal  bodies  of  ore  near  Baldy  occur  at  the  plane  of  the 
post-Cretaceous  unconformity,  where  the  basal  conglomerate  of  the 
Raton  formation  rests  on  the  Pierre  shale.  The  ore  was  deposited 
during  the  Tertiary  period,  at  some  time  later  than  the  Raton  epoch. 
Some  of  the  ore  is  found  in  small  pockets  and  stringers  in  the  con- 
glomeratic sandstone,  but  most  of  it  that  is  worked  at  the  present 
time  is  in  the  underlying  shale,  into  which  it  extends  for  distances 
of  a  few  inches  to  6  feet  or  more.  The  richest  and  largest  bodies 
occur  on  the  down-slope  side  of  the  crests  of  the  minor  folds,  as 
illustrated  in  figure  21. 

The  folding  seems  to  have  fractured  the  shale  at  the  crests  and 
opened  minute  fissures.  Many  of  these  openings  are  now  filled  with 
calcite,  which  appears  as  an  intricate  network  in  the  shale.  The  cal- 
cite  carries  pyrite,  chalcopyrite,  sphalerite,  and  possibly  galena. 
Pyrite  also  occurs  very  generally  along  the  contact.     The  gold  occurs 
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^  but  also  in  the  sul- 

phides. He  reported  "sulphides  and  arsenides  of  silver,  copper, 
nickel,  and  cobalt"  in  association  with  the  gold  and  stated  that  the 
sulphides  occurred  most  abundantly  nctar  the  contact,  while  the  free 
gold  was  more  often  found  along  slips  and  fractures  ranging  from  a  few 
inches  to  a  few  feet  in  width  both  above  and  below  the  main  contact. 
The  gold-bearing  solutions  seem  to  have  penetrated  everything  near 
the  contact,  but  the  rich  ore  body  now  being  worked  indicates  that 
they  deposited  gold  most  readily  in  the  shale.  As  elsewhere  in  this 
region,  the  conglomeratic  sandstone  contains  small  irregular  masses  of 
coal,  probably  derived  from  buried  wood.  A  piece  of  suoh  coal  from 
one  of  the  openings  of  the  Aztec  mine  was  assayed  by  E,  E.  Bur- 
lingame  &  Co.,  of  Denver,  who  report  that  the  ash  from  the  coal 
runs  8  cents  a  ton  in  gold. 

The  ore  handled  at  the  time  of  the  writer's  visit  was  reported  to 
range  in  value  from  $15  to  $250  a  ton.  During  the  10  months  prior 
to  the  visit  more  than  2,100  tons  had  been  treated,  with  an  aver^ 
return  of  $107.60  a  ton.  Of  this  yield  80  per  cent  was  recovered  by 
amalgamation  and  20  per  cent  was  derived  from  the  concentrates. 
A  small  amount  of  gold,  which  will  probably  be  recovered  in  time, 
still  remains  in  the  tailings. 


A  RECONNAISSANCE  FOR  PHOSPHATE  IN  THE  SALT 

RIVER  RANGE,  WYOMING. 


By  G.  R.  Manheield. 


INTRODUCTION. 

Scope  of  investigation. — In  the  autumn  of  1914  a  part  of  the  Salt 
River  Range  was  examined  because  of  questions  relating  to  certain 
withdrawn  lands  on  the  west  flank  of  that  range.  The  writer  was 
asked  to  ascertain  the  presence  or  absence  of  important  beds  of  phos- 
phate west  of  the  crest  of  the  range  and  to  procure  such  other  data 
regarding  the  stratigraphy  and  structure  of  the  range  as  proved 
practicable. 

The  examination  was  begun  east  of  Fairview,  Wyo.,  on  September 
24,  1914,  with  P.  V.  Roundy,  of  the  Geological  Survey,  as  chief 
assistant.  E.  L.  Jones,  jr.,  and  E.  H.  Finch,  of  the  Geological  Sur- 
vey, later  joined  the  party,  and  work  was  continued  northward  along 
the  range  until  October  9,  when  it  was  stopped  because  of  deep  snow 
on  the  mountains. 

Previous  work.— The  region  described  in  this  report  is  part  of  the 
great  area  studied  by  the  Hayden  Survey,  the  reports  and  maps  of 
which  still  constitute  the  main  source  of  information  on  this  district. 
Blackwelder  ^  has  given  an  account  of  the  discovery  of  phosphate  in 
Swift  Creek,  east  of  Afton,  and  Schultz  *  has  discussed  the  geology 
of  the  region,  east  of  the  crest  of  the  Salt  River  Range. 

Results. — ^The  data  thus  far  available  indicate  that  the  prosphate 
deposits  of  the  Salt  River  Range  are  probably  inferior  to  those  of 
southeastern  Idaho  both  in  thickness  and  in  quality.  There  is,  how- 
ever, a  considerable  body  of  medium-grade  rock  which  may  be  con- 
sidered as  a  valuable  reserve  deposit.  If  the  plan  of  grinding  and 
applying  phosphate  rock  directly  to  the  soil  without  chemical  treat- 
ment is  found  to  produce  beneficial  results,  some  local  demand  for 
this  rock  might  be  developed,  for  the  westernmost  portions  of  the 
deposit  are  readily  accessible  in  the  canyons  of  Dry,  Swift,  and 
Willow  creeks,  and  the  rock  is  largely  above  water  level.  Under 
present  market  conditions,  however,  and  in  view  of  the  great  body 

^  Blackwelder,  EUot,  A  reconnaissance  of  the  phosphate  deposits  in  western  Wyoming : 
U.  S.  Geol.  Survey  Bull.  470,  pp.  460-161,  1911. 

•  Schultz,  A.  R.,  Geology  and  geography  of  a  portion  of  Lincoln  County,  Wyo. :  U.  S. 
Qeol.  Survey  Bull.  543,  1914, 
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of  high-grade  rock  in  neighboring  regions  of  Idaho,  there  is  little 
likelihood  that  the  deposits  of  the  Salt  Eiver  Range  will  assume 
any  notable  importance  in  the  near  future. 

GEOORAPHT. 

Topography. — The  Salt  River  Range  lies  near  the  west  boundary 
of  Wyoming,  in  Lincoln  County,  east  of  the  broad  alluvial  valley  of 
Salt  River,  which  is  locally  known  as  Star  Valley.  The  range  is 
separated  on  the  north  by  the  Snake  River  canyon  from  the  Snake 
River  Range.  To  the  south  it  splits  into  two  ranges  that  form 
divides  between  tributaries  of  Bear  and  Green  rivers.  The  range 
is  rugged  and  high,  maintaining  an  altitude  of  9,000  to  10,000  feet, 
and  culminating  in  Mount  Wagner,  10,809  feet  high,  toward  its  south 
end.  The  trend  of  the  range  is  north  or  slightly  to  the  west  of  north, 
and  many  of  the  ridges  and  valleys  follow  the  strike  of  the  rocks. 
The  canyons  are  deep,  rough,  and  picturesque.  Some  of  the  harder 
rock  layers  descend  to  the  canyon  bottoms  as  veritable  walls  of  rock 
that  project  conspicuously  above  the  adjacent  weaker  beds.  Toward 
the  heads  of  a  number  of  the  canyons  there  are  relatively  broad,  open 
basins  which  lie  for  the  most  part  along  the  strike  of  Triassic  rocks 
that  offer  moderate  resistance  to  erosional  activity.  Below  these 
basins  the  canyons  cross  the  disturbed  massive  limestones  of  the 
Carboniferous.  Here  the  canyons  tend  to  close,  with  steep  rocky 
walls  and  rock  slides  that  are  difficult  of  passage.  There  are  evidences 
of  two  or  more  physiogi'aphic  cycles,  but  the  history  has  not  been 
worked  out.  Alluvial  fans  lie  at  the  mouths  of  many  of  the  canyons 
along  the  west  base  of  the  range.  The  town  of  Afton  is  located  upon 
a  large  fan  somewhat  above  the  general  level  of  Star  Valley. 

Drainage. — For  most  of  its  length  the  Salt  River  Range  forms  the 
divide  between  two  large  southerly  branches  of  the  Snake,  Salt  River 
and  Grays  River,  but  Grays  River  cuts  across  the  range  in  its  lower 
course  shortly  before  entering  Snake  River.  In  the  portion  of  the 
range  covered  by  this  report  the  main  streams  are  all  tributary  to 
Salt  River  except*  Bear  Creek,  which  heads  against  McDougal  Pass 
and  flows  into  Grays  River,  and  Corral  Creek,  which  heads  against 
Swift  Creek  and  flows  eastward.  The  main  streams  that  are  discussed 
in  this  report  are  Dry  Creek,  in  T.  31  N.,  R.  118  W. ;  Swift  Creek,  in 
T.  32  N.,  R.  118  W. ;  Phillips,  Willow,  and  Dry  creeks,  in  T.  83  N., 
R.  118  W.;  and  Strawberry  Creek,  in  T.  34  N.,  R.  118  W.  With  the 
exception  of  Phillips  Creek  and  the  northern  Dry  Creek,  these  are 
all  characteristic  mountain  torrents  of  good  volume  and  are  valuable 
OS  sources  of  water  power  as  well  as  for  irrigation.  Large  springs 
occur  in  a  number  of  the  canyons,  and  one  of  these  in  Swift  Creek 
in  the  NW.  i  sec.  23  (unsurveyed) ,  T.  32  N.,  R.  118  W.,  is  intermittent, 
having  a  periodic  flow  said  to  occur  several  times  daily.    This  spring 
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was  visited  twice  on  different  days.  It  was  inactive  on  the  first  visit 
and  just  beginning  activity  on  the  second.  In  Strawberry  Creek  the 
surface  flow  is  more  or  less  intermittent  in  the  upper  and  middle 
courses,  but  two  considerable  springs  a  short  distance  above  the  lower 
and  more  rocky  part  of  th6  canyon  supply  practically  the  full  volume 
of  the  creek. 

Culture  and  industries. — ^The  lowland  outside  of  the  range  is 
largely  taken  up  as  agricultural  land  and  is  more  or  less  actively 
farmed.  Star  Valley  is  an  important  district  for  the  raising  of  grain 
and  hay  and  for  dairying.  Dairies  are  located  at  Afton  and  Thayne. 
Most  of  the  area  directly  concerned  in  this  report  lies  in  the  Wyoming 
National  Forest,  the  headquarters  of  which  are  at  Afton.  This  part 
of  the  range  is  still  largely  unsurveyed  and  uninhabited,  but  it  is 
extensively  used  for  grazing.  Timber  and  fuel  are  also  cut  in  the 
national  forest.  A  sawmill  in  the  forest  is  maintained  on  the  south- 
em  Dry  Creek,  in  unsurveyed  sec*  2,  T.  31  N.,  R.  118  W.  A  sawmill 
has  been  operated  for  many  years  at  the  mouth  of  Willow  Canyon, 
in  sec.  14,  T.  33  N.,  R.  118  W.,  and  another  sawmill  is  located  at  the 
mouth  of  Swift  Creek  canyon,  at  Afton. 

Water  power, — ^A  small  power  plant  at  the  mouth  of  the  canyon 
of  Swift  Creek  generates  electricity  for  lighting  and  other  uses  at 
Afton.  Its  capacity  is  not  sufficient,  however,  to  supply  much  of  the 
surrounding  territory.  Except  at  this  plant  and  the  sawmills  above 
referred  to  no  use  is  made  of  the  water  power  in  the  creeks  mentioned. 
Strawberry  Creek,  though  admirably  adapted  for  water  power,  hav- 
ing good  volume  and  velocity,  is  entirely  unutilized  in  its  canyon 
portion,  and  Willow  Creek,  Swift  Creek,  and  the  southern  Dry  Creek 
are  only  partly  utilized.  The  sawmill  on  Dry  Creek  is  about  5  miles 
above  its  mouth,  and  the  lower  part  of  the  canyon  contains  favorable 
power  sites. 

GEOLOGY. 

OENEBAL  FEATTJBES. 

Parts  of  the  canyons  of  both  Dry  creeks  and  Swift,  Phillips,  and 
•Willow  creeks  were  traversed,  a  reconnaissance  trip  was  made  along 
Willow  Creek  to  McDougal  Pass  and  down  Strawberry  Creek  to  Bed- 
ford, and  a  similar  trip  was  made  down  Willow  Creek  through  the 
narrows  below  Tumerville  to  the  narrows  of  Salt  River  and  the  region 
west  of  that  stream. 

The  part  of  the  Salt  River  Range  examined  includes  sedimentary 
rocks  ranging  in  age  from  early  Carboniferous  (Madison  limestone) 
to  Quaternary.  No  igneous  rocks  were  seen.  On  the  general  map 
(PI.  XII)  an  attempt  has  been  made  to  correlate  the  several  canyon 
sections  by  drawing  connecting  lines  from  one  canyon  to  the  next. 
These  lines,  however,  are  purely  hypothetical,  for  the  formations 
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have  not  been  traced  through  the  areas  intervening  between  the  can- 
yons. The  accompanying  table  gives  a  summary  of  the  rock  forma- 
tions present  in  the  range : 

Rock  formations  of  Salt  River  Range,  Wpo. 


Age. 

Formatkn. 

Charaoter. 

ThfeknesB 
(iiMt). 

Quatamary. 

Alluvium. 

Tertiary. 

Conglomerates. 

Pinkish,  cateareous,  with  snbangular  la- 
ments of  limestones  and  sandstones  as  much 
as  Sinches in  diameter. 

Jurassic. 

Twin  Creek  limestone. 

Whitish  shaly  limestone;  soma  massive  beds; 
fosslUferous. 

2,000i: 

Jurassic  or  Triasiio. 

Nugget  sandstone. 

Red  sandstones,  with  some  shaly  beds  and 
thin  beds  of  purplish  limestone. 

1,100+ 

Triasslo       (Low«r 
Triassic). 

Ankareh  formation. 

Chocolate-colored  to  dark-red  sandstones  and 
shales. 

1,000 

Thaynes  limestone. 

shales,  greenish  yellow;  fossHiferous.    In- 
clude also  aoo  to  aoo  feet  of  red  beds. 

2,100+ 

Woodside  shale. 

Permi- 
an (?). 

Fhosphorla  formation. 

Rex  chert  member,  nodular  cherty  limestone 
250  to  300  feet  thfck,  underlafai  by  phosphate 
shales  65  to  150  feet  thick,  contaiiimg  several 
beds  of  phosphate  rock;  fosslUferous. 

450 

Carbon- 

1  famiiv 

Pennayl- 
vanian. 

Wells  formation. 

Siliceous  limestone  and  sandstones;  fossliiler- 
ous. 

2,000+ 

Missis- 
sippian. 

Braier  limestone. 

Massive  gray  limestones,  generally  light  col- 
corals. 

l^SOOi: 

Madison  limestone. 

Massive  dark-bluish  or  brownish-gray  lime- 
stones; fosslUferous. 

2,500± 

STRATIGRAPHY. 


CARBONIFEROUS. 


Madison  limestone. — ^The  Madison  limestone  was  recognized  in 
Strawberry,  Dry,  and  Willow  Creek  canyons,  in  Tps.  84  and  33  N., 
K.  118  W.,  and  may  be  present  on  Swift  Creek.  The  formation  con- 
sists of  massive  dark-bluish  or  brownish-gray,  relatively  pure  lime- 
stones, with  little  or  no  sandy  material.  Some  of  the  individual  beds 
are  thin,  but  the  formation  as  a  whole  is  resistant  to  erosion  and  forms 
rugged  ledges  and  slopes  where  it  is  exposed  in  the  canyons.  Fossils' 
are  rather  numerous  and  include  small  cup  corals,  gastropods,  spiri- 
feroid  brachiopods,  crinoids,  and  other  types.  The  rock  presents  no 
new  or  unusual  f  acies  and  is  apparently  like  the  rocks  of  the  same 
age  in  other  part©  of  the  Idaho  field,  as  described  in  previous  reports. 
The  distinction  between  the  Madison  and  the  Brazer  limestone  is  not 
everywhere  easy,  for  the  two  formations  are  massive  and  resemble 
each  other  lithologically  to  a  certain  extent.  The  relations  of  the 
Madison  to  the  formations  above  and  below  are  not  clear,  as  it  seems 
in  this  area  to  be  separated  from  the  adjoining  formations  by  faults. 
Measurements  on  Willow  Creek  show  2,400  to  2,500  feet  of  rock 
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assdgned  to  the  Madison,  and  in  Dry  Canyon  north  of  Willow  Creek 
the  thickness  appears  to  be  even  greater.  A  number  of  folds  and 
faults  in  these  older  rocks  have  been  recognized,  and  allowance  has 
been  made  for  them  in  measuring  the  thickness.  There  may  be 
within  the  formation,  however,  unrecognized  faults  which  may  have 
duplicated  some  of  the  strata,  thus  increasing  the  apparent  thickness. 

Brazer  limestone. — ^The  Brazer  limestone  is  also  a  massive  gray 
rock  but  is  generally  of  somewhat  lighter  color  than  the  Madison.  It 
contains  some  sandy  beds  and  is  more  or  less  cherty  in  places.  Like 
the  Madison,  it  forms  rocky  and  rough  slopes  and  prominent  ledges. 
Fossils  are  fairly  numerous  and  conspicuous.  Among  them  are  cup 
corals  4  to  8  inches  or  more  long  and  2  or  more  inches  in  diameter, 
with  many  fine  septa,  Productus  giganteus  and  other  brachiopods, 
Bryozoa,  and  Syringopora.  The  Brazer  limestone  here  is  similar  to 
the  rocks  of  the  same  age  in  Idaho  and  presents  no  unusual  f  acies. 
On  account  of  the  faults  and  folds  there  has  been  no  good  opportu- 
nity to  measure  a  complete  section.  The  best  exposures  seen  were  in 
Swift  Creek  Canyon,  where  at  least  1,500  feet  of  limestone  may  be 
assigned  to  this  formation  and  the  base  was  not  recognized. 

Wells  formation, — ^The  Wells  formation  has  massive  cherty  lime- 
stones at  the  base  but  is  more  siliceous  throughout  than  either  the 
Brazer  or  the  Madison.  A  varying  portion  in  the  middle  or  upper 
part  is  a  sandstone,  or  in  plapes  even  a  quartzite.  The  upper  60  to  200 
feet  is  made  up  of  siliceous  dense  limestone  that  in  places  forms 
prominent  ledges.  This  portion  of  the  formation  has  sometimes  been 
called  the  "underlying  limestone,"  or  the  "lower  Productus  lime- 
stone," as  it  normally  underlies  the  phosphate  shales  of  the  Phos- 
phoria  formation  just  above.  The  Wells  formation  as  a  whole  is  some- 
what less  resistant  to  erosion  than  the  Madison  and  Brazer  and  forms 
rounded  slopes.  The  canyons,  too,  are  wider  and  less  rugged  in  this 
formation  than  in  the  Brazer  and  Madison  limestones.  The  lime- 
stones of  the  Wells  are  somewhat  f ossiliferous.  The  lower  beds  carry 
Spirifer  rockym^ontanuSj  Schizophoria,  Bryozoa,  and  other  forms. 
The  upper  limestone  is  sparingly  fossiliferous,  the  most  noticeable 
forms  being  species  of  Productus.  Excellent  exposures  of  the  Wells 
are  found  in  all  the  canyons  examined,  notably  tho^e  of  Strawberry 
and  Swift  creeks.  Measurements  on  Swift  Creek  show  2,000  feet  or 
more  of  strata  assignable  to  this  formation. 

Phosphoria  formMion, — As  in  the  Idaho  field  the  Phosphoria 
formation  consists  here  of  two  members — ^the  phosphate  shales  below 
and  the  Rex  chert  member  above.  The  thickness  of  the  shales  is 
about  05  to  150  feet  and  of  the  chert  250  to  300  feet.  A  partial  section 
of  the  shales  was  obtained  from  a  prospect  made  by  the  Survey  party 
in  Willow  Creek  canyon  about  half  a  mile  above  the  sawmill.  The 
details  of  this  prospect  and  the  analyses  of  the  samples  taken  are 
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given  in  the  discussion  of  phosphate  deposits  (p.  339).  A  number 
of  occurrences  of  the  phosphate  shales  were  noted,  including  several 
natural  exposures.  One  of  these  is  described  more  fully  on  page  340. 
The  general  characteristics  of  the  shales  appear  to  be  much  the  same 
as  in  the  Idaho  field.  The  Rex  chert  member  is  more  of  a  limestone 
in  this  region  than  in  many  parts  of  Idaho.  It  is  a  very  prominent 
ledge  maker  where  it  is  well  exposed  and  forms  steep  walls  in  a  num- 
ber of  places,  none  more  striking  than  in  Swift  Creek,  where  it  resem- 
bles a  stockade  nearly  50  feet  high,  descending  the  mountain  side  and 
crossing  the  canyon. 

TRIA88IC. 

Woodside  shale  and  Thaynes  limestone. — ^The  Woodside  and 
Thaynes  formations  were  not  satisfactorily  differentiated  in  this 
region.  Although  a  search  was  made  for  the  Meekoceras  zone,  the 
boundary  between  the  two  formations,  its  presence  was  recognized 
at  only  one  locality — ^in  the  float  near  the  end  of  the  traverse  on  the 
northern  Dry  Creek,  about  a  quarter  of  a  mile  east  of  the  northeast 
comer  of  unsurveyed  sec.  6,  T.  33  N.,  R.  117  W.  A  very  fine  sec- 
tion of  these  two  formations  is  exposed  near  the  crest  of  the  range 
along  the  Willow  Creek  trail,  half  a  mile  or  less  south  of  McDougals 
Pass.  There  was  no  opportunity  to  measure  this  section,  but  the  rock 
forms  prominent  cliffs  and  coarse  debris  at  the  locality  named.  Here 
silicified  fossils,  pelecypods,  project  from  the  weathered  surfaces  of 
rock  fragments,  as  in  the  upper  part  of  the  Thaynes  limestone  of 
southeastern  Idahcr.  The  massiveness  of  some  of  the  beds  is  remark- 
able. Large  fragments,  some  8  by  6  by  4  feet,  were  seen  in  the  rock 
waste  at  the  bases  of  the  cliffs.  Some  of  the  beds  are  very  sandy  and 
form  reddish  to  pinkish  sandstones,  which  in  places  weather  with 
black,  iron-stained  surfaces.  These  rocks  resemble  some  of  the  sand- 
stones in  Dry  Valley,  Idaho,  in?  T.  8  S.,  R.  44  E.,  which  proved  to 
belong  to  the  Woodside  and  Thaynes  formations  but  were  at  first 
mistaken  for  the  Wells.  In  the  exposures  near  McDougals  Pass 
there  are  200  to  300  feet  of  red  beds.  On  Swift  Creek  measurements 
of  the  combined  formations,  which  may  not  be  complete,  show  2,100 
feet  of  strata. 

Ankareh  formation. — The  Ankareh  formation  is  represented  in 
this  region  by  a  series  of  chocolate-colored  to  dark-red  sandstones 
and  shales.  They  are  exposed  in  the  canyons  of  the  southern  Dry 
Creek  and  Swift  Creek  and  also  on  the  headwaters  of  Willow  Creek 
near  McDougals  Pass,  where  they  overlie  with  apparent  conformity 
the  Thaynes  limestone.  The  last-named  locality  furnishes  an  un- 
usually fine  exposure,  but  it  was  not  practicable  to  study  it  at  close 
range.  On  Dry  Creek  and  Swift  Creek  the  formation  as  measured 
is  750  and  1,000  feet  thick,  respectively.  The  lower  figure  on  Dry 
Creek  is  probably  due  to  partial  removal  by  faulting. 
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JT7BA88IC  OR  TRIASSIC. 

Nugget  sandstone, — ^The  Nugget  sandstone  occurs  on  the  lower 
parts  of  the  southern  Dry  Creek  and  Swift,  Phillips,  and  Willow 
creeks,  and  also  in  the  low  hills  west  of  Tumerville,  at  the  narrows 
of  Willow  Creek.  In  the  section  south  of  McDougals  Pass  above 
mentioned  the  Nugget  follows  the  Ankareh,  but  it  was  not  ascer- 
tained if  the  complete  thickness  of  the  formation  is  present.  The 
N.ugget  also  appears  in  the  upper  part  of  the  Swift  Creek  canyon. 
The  Nugget  sections  in  the  lower  canyons,  where  the  more  detailed 
observations  were  made,  are  all  faulted  to  some  extent,  but  from  800 
to  1,100  feet  of  beds  are  represented.  The  rocks  are  the  usual  red 
sandstones  with  some  shaly  beds  and  thin  layers  of  purplish 
limestone. 

jinussic. 

Twin  Creek  Umestone. — ^The  Twin  Creek  limestone  is  exposed  in  the 
canyons  of  the  southern  Dry  Creek,  Swift  Creek,  and  Phillips  Creek. 
It  also  appears  to  the  west  of  the  Nugget  sandstone  in  the  narrows 
of  Willow  Creek  west  of  Tumerville.  So  far  as  observed  the  Twin 
Creek  limestone  is  not  fully  represented  in  the  sections  examined 
but  is  partly  cut  out  by  faults.  It  is  represented  chiefly  by  the  chippy 
and  shaly  rock  that  elsewhere  seems  to  occupy  the  central  part  of 
the  formation.  Sections  examined  in  the  southern  Dry  Creek  and 
Swift  Creek  indicate  thicknesses  probably  greater  than  1,700  and 
2,000  feet,  respectively.  Fossils  are  not  numerous  in  the  more  shaly 
beds  of  this  formation,  but  Pentacrinus,  Ostrea,  and  other  forms 
occur  in  the  thicker  beds. 

TERTIARY. 

A  conglomerate  consisting  mainly  of  subangular  fragments  of 
Carboniferous  limestones  and  sandstones  with  some  Triassic  material 
of  varying  shapes  and  sizes,  from  a  fraction  of  an  inch  to  4  or  5  inches 
in  diameter,  lies  on  the  lower  foothills  along  Phillips  Creek  east  of 
Grover,  above  the  narrows  of  Willow  Creek  west  of  Tumerville,  and 
at  the  mouth  of  Strawberry  Creek.  The  matrix  is  calcareous  and  the 
general  color  of  the  rock  is  pinkish.  The  attitude  of  the  rock  where 
observed  is  nearly  horizontal  or  only  slightly  inclined.  No  fossils 
have  yet  been  found  in  this  rock,  and  its  stratigraphic  position  is 
somewhat  uncertain.  In  the  field  it  was  tentatively  classed  with  the 
Salt  Lake  beds,  of  probable  Pliocene  age,  as  mapped  by  A.  C.  Peale, 
of  the  Hayden  Survey.  Some  doubt  is  thrown  on  this  interpretation 
by  observations  on  similar  rock  north  of  Georgetown,  Idaho,  30  miles 
or  more  to  the  southwest.  It  is  possible  that  this  conglomerate  may 
prove  to  be  of  Wasatch  age. 
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QUATERNABT. 

Alluvial  and  fan  deposits  of  Quaternary  age  occupy  the  lowlands 
along  the  west  base  of  the  range  and  m  the  basin  west  of  the  mouths 
of  Willow,  the  northern  Dry,  and  Strawberry  canyons.  These  de- 
posits are  coarse  bowldery  gravels  at  the  mouths  of  the  canyons  but 
consist  of  finer  material  farther  away  from  the  base  of  the  mountains. 
The  gravels  at  the  mouths  of  the  southern  Dry  Creek  and  Swift, 
Phillips,  and  Willow  creeks  and  the  smaller  intervening  creeks  are 
abruptly  truncated  and  form  terraces  15  or  20  feet  high. 

STBUCTUBE. 

The  general  structure  of  the  region  described  in  this  report  is  com- 
plex, and  the  available  data  are  insufficient  to  warrant  the  at- 
tempt to  carry  the  structure  observed  in  any  one  of  the  several  can- 
yons across  to  the  neighboring  canyon.  It  is  clear,  however,  that  at 
least  two  great  folds  are  involved,  one  anticlinorial  and  the  other 
synclinorial,  and  that  each  is  broken  by  a  number  of  faults.  The 
trend  of  both  folds  and  faults  is  a  little  west  of  north.  The  planes  of 
many  of  the  faults  appear  to  be  steeply  inclined,  and  the  relations  of 
the  formations  involved  suggest  normal  faulting,  because  the  struc- 
ture as  a  whole  does  not  indicate  marked  overturning.  The  folds 
appear  to  pitch  gently  southward,  so  that  older  beds  are  exposed  in 
the  northern  canyon  sections  than  in  the  southern  sections.  The 
oblique  truncation  of  successive  structures  along  the  west  base  of  the 
range  in  T.  31  N.,  R.  118  W.,  and  farther  north,  together  with  the 
relative  straightness  and  steepness  of  the  mountain  slope,  suggests 
that  the  west  base  of  the  range  is  determined  by  a  normal  fault  that  is 
inclined  toward  the  west  and  brings  in  Jurassic  or  higher  formations, 
now  concealed  beneath  the  alluvium  of  Star  Valley.  These  formations 
constitute  the  west  wall  of  Star  Valley,  some  3  miles  or  more  to  the 
west.  Relatively  recent  movement  along  such  a  line  is  suggested  by 
fairly  straight  scarps  or  terraces  15  to  20  feet  high  in  some  of  the 
larger  alluvial  fans  along  the  west  base  of  the  range.  These  scarps, 
however,  may  be  due  to  other  causes.  The  map  (PL  XII)  shows  the 
broader  structural  features,  and  the  geologic  structure  sections  along 
several  of  the  canyons  show  details  and  are  discussed  more  fully 
below  in  the  accounts  of  the  canyons. 

PHOSPHATE  DEPOSITS, 

The  Phosphoria  formation  is  involved  in  the  folding  and  faulting 
so  that  it  crosses  each  of  the  canyons  examined  except  that  of  Phillips 
Creek.  The  canyons  of  the  southern  Dry  Creek,  Swift  Creek,  and 
Willow  Creek  are  each  crossed  by  the  shales  no  less  than  three  times 
between  the  crest  of  the  range  and  its  western  base.  The  crest  of  the 
range  was  visited  only  at  McDougals  Pass,  at  the  heads  of  Willow 
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and  Strawberry  creeks.  It  was  nearly  reached,  however,  on  Swift 
Creek.  Crossing  the  divide  at  Corral  Creek  and  entering  the  headwater 
region  of  Swift  Creek  a  band  of  phosphate  shales  runs  along  the  west 
side  of  the  crest  of  the  range.  This  was  not  followed  northward,  but 
it  falls  in  line  well  with  another  similar  band  that  in  like  manner 
crosses  the  divide  from  the  southeast  at  McDougals  Pass  above  Wil- 
low Creek  and  descends  northward  in  the  headwater  region  of  Straw- 
berry Creek  for  a  distance  of  perhaps  2  miles  and  then  reascends 
toward  the  crest.  It  is  not  yet  certain  that  the  Swift  Creek  band 
and  that  of  McDougals  Pass  are  identical  and  continuous,  but  it 
seems  likely  that  this  will  prove  to  be  the  case  when  the  intervening 
territory  is  traversed.  West  of  this  band  the  phosphate  shales  are 
brought  in  twice  by  folding  in  the  middle  or  lower  parts  of  the  can- 
yons. The  phosphate  deposits  continue  southward  from  the  southern 
Dry  Canyon,  but  it  is  doubtful  if  they  extend  northward  from 
Strawberry  Creek.  The  extent  of  the  formation  in  each  direction 
was  not  determined. 

The  phosphate  shales  in  this  region  have  a  thickness  comparable 
to  that  of  the  beds  of  the  same  formation  in  the  Idaho  field.  Phos- 
phate beds  of  good  quality  are  included  in  the  shales.  A  section 
across  the  shales  was  measured  in  a  series  of  prospect  pits  made  by 
the  Survey  party  near  the  mouth  of  Willow  Creek,  and  samples  were 
collected  for  analysis.  The  details  of  the  section  and  the  analyses  are 
given  in  the  following  table : 

Details  of  Survey  prospect  in  the  SW,  i  NE.  i  sec.  14,  T.  SS  N.,  R,  118  W.,  on 

Willow  Creek. 

[Field  No.  H  45-14.] 


P«Ov 


Equiva- 
lent to 
Oat(P04),. 


Thick- 
ness. 


Fhosphoria  formation: 

k  Phosphate  rock,  oolitic,  dark  brown  to  black,  medium  erained, 
folded  in  smaU  syncline  and  anticline  (end  of  third  trench)— 

Sample  3,  upper 

Sample  2,  lower 

J  Shale,  calcareous,  davey,  vellowish,  with  green  tinge;  breaks  into 

small  pieces  with  pumee  irregularly  arraxured 

i  Phosphate  rock,  oolitic,  medium  grained.   Bamplel 

h  Limestone,  dark  gray  to  blackish,  clayey,  thin  bedded,  weathering 

to  a  black  soil 

g  Limestone,  dark  gray  to  blackish,  clayey,  thin  bedded  (end  of 

second  trench) 

f  Limestone,  dark  Kray,  clayey,  with  chert  bands  1  to  4  inches  thick, 

sliale  bands  and  limestone  bands  2  to  8  inches  thick 

e  Shale,  dark  clayey ,  much  weathered , 

d  Phosphate  shale 

0  Shale,  black,  not  well  e2[po6ed 

Wells  formation  (7): 

b  Sandstone,  nne  grained,  calcareous  (<»■  siliceous  limestone),  dark 

fSny,  broken  into  small  angular  pieom  (end  of  first  trench) 

a  Limestone,  fine  era'ined,  greenish  gray;  weathers  much  lighter; 

J  oint  planes  weu  developed 

Wells  formation: 

Sandstone,  yellow;  base  of  section. 


Percent. 


11.90 
20.21 


Percent. 


26.00 
44.16 


20.95 


45.77 


Ft.     in. 


1 
2 

2 
1 

4 

16 

6 
2 

6± 


7 
0 

0 
6 

0 

0 

0 
0 
1 


0 
10 
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The  phoBphate  band  in  which  the  section  was  made  is  probably 
faulted  o.ut  both  north  and  south  of  the  canyon,  but  it  is  readily  ac* 
oessible  by  road  from  the  valley  to  the  west.  The  Survey  prospect 
was  made  in  three  trenches,  planned  to  cover  a  continous  strati- 
graphic  interval,  which  aggregated  191  feet  in  length  and  ranged 
from  1  foot  to  5  feet  7  inches  in  depth.  The  general  strike  and  dip 
of  the  rocks,  determined  from  the  Wells  formation  below  and  the 
Eex  chert  member  above,  were  N.  30°  E.  and  28°  E.,  respectively. 

The  section  shown  in  the  table  is  not  complete,  for  it  proved  im- 
practicable to  continue  the  trenching  entirely  across  the  phosphate 
shales.  It  does,  however,  include  more  than  half  the  distance  across 
the  shales.  By  comparison  with  the  apparent  thickness  of  the  shales 
at  McDougals  Pass  and  at  places  on  Swift  Creek  and  the  southern 
Dry  Creek,  the  thickness  of  the  shales  here  seems  somewhat  less  than 
normal,  and  this  suggests  that  part  of  the  section  may  be  faulted 
out.  Some  deformation  in  the  shales  at  the  Survey  prospect  is  indi- 
cated by  the  brecciation  of  some  of  the  beds  and  the  presence  of 
folds  in  other  beds. 

The  analyses  show  a  lower  content  of  phosphoric  acid  than  might 
be  expected  from  the  general  appearance  of  the  rock.  Some  of  the 
deficiency  may  be  due  to  the  presence  of  infiltered  dirt  along  bedding 
and  joint  planes. 

At  McDougals  Pass  the  phosphate  shales  strike  N.  11°  W.  and 
dip  16°  W.  The  breadth  of  the  outcrop  is  about  225  feet,  but  the 
actual  thickness  of  the  shales  appears  to  be  about  65  feet.  Two  phos- 
phate beds  are  hard  enough  to  form  low  ledges.  The  lower  bed  is 
about  16  feet  above  the  base  and  is  2^  to  3  feet  thick.  A  sample 
from  this  bed  yielded  on  analysis  22.36  per  cent  of  PjOg,  equiva- 
lent to  48.86  per  cent  of  tricalcium  phosphate.  A  second  bed  about 
24  feet  above  the  base  and  about  1  foot  thick  yielded  on  analysis 
81.3  per  cent  of  PjOg,  equivalent  to  68.40  per  cent  of  tricalcium  phos- 
phate. As  it  was  impracticable  to  make  a  trench  in  the  phosphate 
shales  the  number  of  phosphate  beds  and  the  thickness  of  each  could 
not  be  accurately  determined. 

In  the  southern  Dry  Canyon  the  phosphate  shales  are  present  in 
apparently  normal  thickness.  They  have  been  prospected  on  the  north 
side  of  the  canyon,  in  the  westernmost  of  the  three  bands  that  cross 
the  canyon.  The  prospect,  an  old  tunnel,  has  caved  and  has  been 
so  covered  by  slides  that  no  examination  or  measurements  of  the 
shales  could  be  made.  A  sample  of  float  from  the  sag  on  the  hill 
to  the  south  across  the  canyon  was  found  by  analysis  to  contain  33.31 
per  cent  of  PjOg,  equivalent  to  72.7  per  cent  of  tricalcium  phosphate. 

Phosphate  float  is  found  along  the  base  of  the  ridge  on  the  upper 
course  of  Swift  Creek,  in  T.  32  N.,  E.  117  W.,  and  it  seems  probable 
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that  the  phosphate  band  which  there  lies  on  the  west  side  of  the 
divide  continuing  northward  becomes  the  band  exposed  at  McDou- 
gals  Pass.  According  to  Mr.  Jewell,  of  Afton,  the  phosphate  occars 
in  the  head  of  Corral  Creek  east  of  the  divide.  It  appears  to  cross 
the  divide  at  the  sag  between  the  heads  of  the  two  creeks.  A  sam- 
ple taken  from  a  large  piece  of  float  near  the  head  of  Swift  Creek 
yielded  31.59  per  cent  of  P2O5,  equivalent  to  69  per  cent  of  trical- 
cium  phosphate. 

From  the  samples  at  McDoiigals  Pass,  the  southern  Dry  Creek,  and 
Swift  Creek  it  is  evident  that  high-grade  rock  is  present  in  the  phos- 
phate shales  of  this  portion  of  the  Salt  Biver  Range.  The  occurrence 
at  McDougals  Pass  suggests  that  this  high-grade  bed  may  not  exceed 
1  foot  in  thickness.  More  prospecting  and  sampling  will  be  neces- 
sary to  determine  the  relative  importance  of  the  richer  material. 
From  the  WUlow  Creek  and  McDougals  Pass  section  it  is  evident 
that  there  are  two  beds  near  enough  together  to  be  worked  as  one 
bed  aggregating  3  to  3^  feet  of  phosphate  rock  and  yielding  from  45 
to  50  per  cent  of  tricalcium  phosphate. 

•     METAIiUFEROUS  PROSPECTS, 

A  number  of  metalliferous  prospects  are  reported  in  some  of  the 
canyons  east  of  Fairview,  in  T.  31  N.,  R.  118  W.  The  only  one  of 
these  visited  was  Nielson's  tunnel,  in  Dry  Canyon,  about  1^  miles 
above  the  mouth  of  the  canyon.  The  tunnel  is  located  on  a  minor 
fault  zone  in  the  Twin  Creek  limestone,  about  200  feet  east  of  a 
larger  fault,  between  the  Twin  Creek  limestone  and  the  Ankereh 
formation.  The  tunnel  was  too  badly  caved  to  permit  examination 
of  any  but  the  exterior  portions.  No  mineral  was  seen  in  the  mouth 
of  the  tunnel  or  on  the  dump. 

THE  CANTON  SECTIONS. 

DBY  CBEEK  (T.  31  N.,  B.  118  W.) 

A  traverse  was  carried  up  the  southern  Dry  Creek  canyon  as  far 
as  the  sawmill,  a  distance  of  about  5  miles.  The  geologic  features, 
as  observed  and  interpreted,  are  shown  graphically  on  the  map 
(PL  XII)  and  the  accompanying  structure,  section  A-A'.  The  sup- 
posed fault  along  the  west  base  of  the  range  (see  p.  838)  is  believed 
to  lie  at  the  mouth  of  the  canyon,  where  it  is  concealed  by  alluvium. 

The  eastward-dipping  ledges  (Thaynes  or,  possibly,  Woodside) 
near  the  mouth  of  the  canyon  are  succeeded  on  the  east  by  character- 
istic Nugget  sandstone,  which  is  exposed  in  ledges  at  the  national  for- 
est boundary.  The  dip  of  the  fault  plane  between  the  two  formations 
appears  to  be  52®  E.    The  boundary  is  interpreted  as  a  fault  because 
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of  the  absence  of  beds  that  are  elsewhere  characteristic  of  the  upper 
Thaynes  and  of  beds  assignable  to  the  Ankareh. 

Twin  Creek  beds,  almost  vertical  but  inclining  east  or  west,  come 
next  to  the  Nugget  The  boundary  here  also  is  interpreted  as  a  fault, 
because  of  the  absence  of  the  light-colored  sandstones  and  red  and 
green  shales  elsewhere  found  in  the  upper  part  of  the  Nugget  and 
because  of  the  absence  of  the  lower  heavy  limestones  and  the  accom- 
panying green  band  usually  found  in  the  lower  part  of  the  Twin 
Creek.  East  of  the  Twin  Creek  are  chocolate-colored  to  red  sandy 
shales  assigned  on  lithologic  grounds  to  the  Ankareh,  the  boundary 
being  a  fault  because  of  the  absence  of  the  Nugget  sandstone.  The 
two  faults  bounding  the  Twin  Creek  in  this  part  of  the  section  are 
interpreted  as  normal.  An  alternative  interpretation  would  con- 
sider them  as  reverse,  but  this  view  is  regarded  as  improbable,  for 
reasons  stated  below. 

The  Twin  Creek  limestone  reappears  east  of  the  Ankareh  shale 
in  fault  relation,  the  Nugget  sandstone  being  absent.  About  200 
feet  east  of  the  main  contact  is  a  small  subsidiary  fault  on  which  is 
located  Nielson's  tunnel,  a  metalliferous  prospect.  Here  the  fault 
clay  shows  beautiful,  nearly  horizontal  slickensides  on  a  surface  dip- 
ping steeply  to  the  west.  The  Twin  Creek  is  succeeded  up  the  can- 
yon by  the  Nugget,  again  without  the  usual  lower  beds  of  the  Twin 
Creek  and  upper  beds  of  the  Nugget,  and  hence  this  boundary  also 
is  interpreted  as  a  fault.  The  faults  east  and  west  of  the  Twin 
Creek  are  considered  as  normal.  If  they  are  reverse,  the  structure 
of  the  Twin  Creek  would  appear  to  be  that  of  an  abnormaL  syncli- 
norium,  a  sort  of  flask-shaped  fold,  overthrust  by  Ankareh  b^is  on 
the  west  and  Nugget  beds  on  the  east.  Such  a  structure,  though 
possible,  does  not  seem  probable,  for  most  of  the  other  folds  do  not 
suggest  marked  overturning,  such  as  might  be  expected  if  this  Twin 
Creek  belt  and  the  other  Twin  Creek  belt  above  mentioned  had  been 
abnormally  folded  and  overthrust. 

The  Nugget  sandstone  is  succeeded  eastward  by  chocolate-colored 
shaly  beds  assigned  on  lithologic  grounds  to  the  Ankareh,  appar- 
ently in  normal  stratigraphic  position.  East  of  the  Ankareh  shale 
lie  the  siliceous  limestones  of  the  Thaynes  and  Woodside  formations, 
without  observed  stratigraphic  break.  The  Meekoceras  zone  was  not 
recognized,  though  it  may  be  present,  and  the  two  formations  were 
not  differentiated.  They  form  a  succession  of  wall-like  ledges  with 
narrow  gateways.  A  zone  of  red  rocks  more  shaly  than  the  inclos- 
ing strata  and  resembling  the  beds  above  referred  to  the  Ankareh 
shale  intervenes  in  the  section.  These  red  rocks  are  overridden  on 
the  west  by  the  Thaynes  limestone  and  Woodside  shale.  At  first  it 
was  thought  that  they  were  part  of  the  Ankareh,  but  sections  in 
canyons  to  the  north  show  red  beds  that  are  apparently  included  in 
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the  Thaynes  and  Woodside  formations.  Hence  the  red  beds  are 
tentatively  considered  Woodside,  with  a  fault  on  the  west  side  that 
appears  to  truncate  them.  East  of  the  red  beds  are  typical  calcareous 
shales  of  the  Woodside. 

The  Phosphoria  formation  succeeds  the  Woodside  on  the  east. 
The  Bex  chert  member  is  here  more  of  a  cherty  limestone  than  a 
chert.  It  is  nodular  and  shows  some  quartzitic  tendencies.  Near 
the  base  there  is  a  black  band  of  phosphatic  chert  2^  to  3  feet  thick. 
About  20  feet  beneath  this  band  there  is  a  highly  fossiliferous  cal- 
careous zone  with  Productus,  Spiriferina,  and  other  forms.  A 
covered  zone  about  150  feet  wide  represents  the  phosphate-shale 
horizon,  and  next  appears  a  poorly  developed  "under  limestone," 
more  or  less  fragmentary,  succeeded  by  a  white,  calcareous  sand- 
stone, almost  a  quartzite.  Excellent  phosphate  float  was  found  by 
ascending  to  the  sag  on  the  hill  to  the  south.  The  zone  between  the 
phosphate  shales  and  the  top  of  the  Wells  may  include  a  minor  fault, 
as  shown  by  the  above-noted  condition  of  the  "under  limestone" 
east  of  the  phosphate  -shale. 

The  anticlinal  structure  of  the  formations  in  this  part  of  the  canyon 
brings  the  phosphate  shales  across  the  canyon  again  about  three- 
fourths  of  a  mile  farther  east  and  some  of  the  succeeding  formations 
recur  in  ascending  order.  The  fault  between  the  Woodside  and  the 
WeUs  is  interpreted  as  reverse,  because  of  the  crumpled  condition  of 
the  Wells  to  the  east  and  its  apparent  position  near  the  apex  of  a 
broken  anticline.  It  seems  more  likely  that  such  a  fault  was  de- 
veloped by  compression  associated  with  the  folding,  than  under 
later  tension.  The  fault  to  the  east,  within  the  Wells,  is  believed  to 
have  a  steep  dip  and  is  interpreted  as  normal.  The  general  relations 
produced  by  it  are  similar  to  those  of  the  fault  near  the  east  border 
of  the  anticlinorium  in  T.  32  N.,  B.  118  W.,  and  it  seems  probable 
that  the  two  faults  are  continuous.  The  fault  west  of  the  sawmill  is 
considered  as  reverse,  for  it  seems  to  descend  obliquely  westward 
into  the  canyon  from  the  northeast. 

SWIPT  CBEEK. 

A  traverse  was  carried  up  Swift  Canyon  as  far  as  the  crossing  of 
the  second  Phosphoria  band,  about  6  miles  above  the  mouth,  and  a 
reconnaissance  trip  carried  the  investigation  of  the  canyon  to  the 
head  of  the  creek,  some  7  miles  farther.  The  map  (PI.  XII)  and 
the  accompanying  geologic  structure,  sections  B-B'  and  C-C',  show 
the  stratigraphic  and  structural  details  along  the  traversed  part  of 
the  canyon  as  recognized  and  interpreted. 

For  reasons  given  on  page  338  a  fault  is  supposed  to  occur  along 
the  west  base  of  the  range  and  cross  the  mouth  of  the  canyon.  Ter- 
tiary conglomerate  and  eastward-dipping  Twin  Creek  beds,  becoming 
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vertical  toward  the  east,  occupy  the  lower  portion  of  the  canyon. 
The  boundary  between  the  Twin  Creek  limestone  and  the  Nugget 
sandstone  on  the  east  is  regarded  as  a  normal  fault  because  of  the 
absence  of  beds  elsewhere  characteristic  of  the  upper  part  of  the 
Nugget  and  the  lower  part  of  the  Twin  Creek,  and  because  of 
the  supposed  steep  inclination  of  the  fault  plane.  It  is  tentatively 
assumed  that  this  fault  corresponds  with  a  similar  fault  in  the 
southern  Dry  Creek  section,  and  the  two  faults  have  been  pro- 
visionally connected,  as  indicated  on  the  map. 

The  Ankareh  formation,  dipping  steeply  to  the  west,  lies  east  of 
the  Nugget  in  apparently  normal  thickness.  The  boundary  between 
these  beds  and  the  adjacent  Thaynes  limestone  may  perhaps  be  a 
fault,  because  the  siliceous  beds  that  form  the  upper  part  of  the 
Thaynes  in  some  parts  of  the  field  do  not  seem  to  be  present  here. 
There  may,  however,  be  local  lithologic  changes  in  the  formation. 
The  Ankareh  band  on  Swift  Creek  is  tentatively  connected  with 
that  on  Drv  Creek  to  the  south  because  of  similar  structural  relations. 

The  Thaynes  and  Woodside  formations  to  the  east  have  not  been 
differentiated,,  as  the  Meekoceras  zone  was  not  observed,  though  some 
search  for  it  was  made.  Possibly  some  fault  may  occur  within  this 
group,  as  in  Dry  Canyon,  but  such  a  fault  was  not  recognized. 

The  Rex  chert  member  of  the  Phosphoria  appears  in  unusually 
prominent  wall-like  cliffs  that  form  a  narrow  gateway  at  the  creek. 
The  phosphate  shales  are  concealed  here  beneath  heavy  talus  on  the 
steep  canyon  walls.  There  appears  to  be  room  for  them,  however, 
and  search  in  this  zone  along  higher  levels  in  the  canyon  would 
doubtless  be  rewarded  by  the  finding  of  phosphate  float. 

East  of  the  Phosphoria  the  canyon  becomes  wild  and  rugged  in  an 
anticlinorium  of  Carboniferous  quartzites  and  limestones.  About  a 
mile  above  the  Bex  ledges  the  canyon  enters  the  axis  of  a  syncline 
trending  almost  due  north.  The  syncline  appears  on  the  east  side  of 
the  canyon  with  almost  diagrammatic  clearness  when  viewed  along 
the  axial  line  f  rcnn  a  point  to  the  north.  Near  the  point  where  ihe 
main  creek  turns  eastward  the  Wells  formation  in  the  syncline  per- 
sists on  the  west  side  of  the  canyon,  because  the  canyon  wall  is  steeper 
than  the  dip  of  the  rocks,  but  on  the  east  side  the  Wells  appears  to 
have  been  removed  from  the  gentler  slope  of  the  canyon  wall,  which 
forms  an  unusually  fine  dip  slope  on  the  Brazer  limestone. 

In  the  main  canyon  east  of  the  forks  successive  folds  in  the  Brazer 
limestone  and  the  Wells  formation  are  clearly  exposed  on  the  south 
side  of  the  canyon.  Just  east  of  the  axial  region  of  the  eastern 
anticline,  which  is  faulted,  a  small,  steep-sided  ravine  in  nearly  ver- 
tical rocks  of  the  Wells  contains  the  intermittent  spring,  locally 
known  as  ^'  the  geyser,"  which  supplies  nearly  half  the  volume  of  the 
creek. 
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About  half  a  mile  east  of  the  intermittent  spring  the  eastern  Phos- 
phoria  band  crosses  the  canyon  with  a  steep  easterly  dip.  The  Wells 
and  the  Bex  again  form  prominent  ledges.  The  phosphate  shales  are 
exposed  in  the  trail  with  some  float  of  phosphate.  This  is  very  likely 
the  place  from  which  C.  L.  Breger  collected  his  samples  in  1910,  to 
which  reference  is  made  in  Blackwelder's  report.* 

East  of  this  locality  the  canyon  lies  in  rocks  younger  than  the 
phosphate  shales,  rising  into  the  Nugget,  which  occupies  the  core  of 
a  broad  syncline.  Farther  east  the  formations  appear  in  descend- 
ing order  with  westerly  dips.  Their  boundaries  were  not  deter- 
mined. The  head  of  Swift  Creek  lies  in  a  rather  broadly  opened 
valley  in  the  Woodside  and^  Thaynes  formations.  East  of  this  valley 
is  a  ledge  of  Kex  chert  that  forms  a  hogback  along  the  main  ridge 
west  of  the  divide  and  is  succeeded  by  phosphate  shales  to  the  east. 
The  Phosphoria  formation  continues  southward  along  the  range  and 
appears  to  go  through  the  sag  which  forms  the  divide  between  Swift 
Creek  and  Corral  Creek.  A  pedestrian  who  was  encountered  on  the 
trail  reported  "  coal "  in  the  sag.  The  crest  of  the  ridge  north  of 
the  sag  appears  to  be  formed  of  pre-Phosphoria  rocks. 

NABBOWS  OF  SALT  BIVEB. 

A  reconnaissance  in  the  vicinity  of  the  narrows  of  Salt  River  and 
in  the  lower  valley  of  Willow  Creek,  in  the  western  part  of  T.  33 
N.,  R.  118  W.,  shows  that  this  part  of  the  region  is  underlain  by  the 
Nugget  sandstone  and  the  Twin  Creek  limestone.  These  formations 
are  largely  concealed  by  alluvium  and  Tertiary  conglomerate  except 
where  the  latter  are  cut  through  by  the  deeper  canyons.  The  struc- 
ture of  the  Salt  River  valley  a  short  distance  west  of  sec.  19, 
where  the  river  enters  the  narrows,  is  synclinal  in  the  Twin  Creek 
limestone,  which  is  well  exposed.  The  east  side  of  the  valley  forms 
a  fine  dip  slope  for  a  short  distance.  A  fault  between  the  Twin 
Creek  and  Nugget,  near  the  southeast  comer  of  sec.  20  is  tenta- 
tively regarded  as  the  probable  continuation  of  the  fault  supposed  to 
lie  along  the  west  base  of  the  Salt  River  range  to  the  south. 

PHILLIPS  CBEEK. 

The  outer  slopes  of  the  hills  at  the  mouth  of  the  Phillips  Creek 
(^anyon  are  occupied  by  white  float  of  the  Twin  Creek  and  by  red 
soil  of  the  Nugget.  The  alluvial  deposits  at  the  mouth  of  the  canyon 
also  show  a  steep  slope  or  terrace,  as  in  the  Swift  Creek  and  Diy 
Creek  canyons  to  the  south,  but  here  the  edge  of  the  terrace  is  not  so 
scarplike.  These  facts,  together  with  the  faidt  in  the  foot  slopes, 
near  the  southeast  corner  of  sec.  20,  already  noted,  suggest  that 
this  zone  may  represent  the  position  of  the  supposed  fault  along  the 

1  Blackwelder,  Eliot,  op.  clt.,  pp.  400-461. 
10427°— Bull.  620—16 23 
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west  base  of  the  Salt  River  Sange.  The  terrace  may,  however,  have 
no  relation  to  this  fault.  East  of  this  zone  the  Twin  Creek  continues 
for  nearly  half  a  mile,  interrupted  by  a  narrow  zone  of  red  debris 
about  midway  between  the  south  quarter  corner  and  the  southeast 
comer  of  sec.  33.  There  are  also  on  the  slopes  scattered  bowlders, 
probably  the  remnants  of  the  Tertiary  conglomerate.  Near  the  south- 
east corner  of  sec.  33  characteristic  sandstone  of  the  Nugget  crones 
the  canyon.  The  beds  elsewhere  found  in  the  upper  part  of  the 
Nugget  and  lower  part  of  the  Twin  Creek  are  missing  here,  so  that 
the  boundary  is  interpreted  as  a  fault.  On  the  east  the  series 
descends  to  purplish  limestone  and  red  shaly  sandstone,  with  strong 
easterly  dip.  Beds  elsewhere  characteristic  of  the  lower  part  of  the 
Nugget  and  the  Ankareh  were  not  recognized  east  of  these  Nugget 
beds,  but  ledges  of  the  Thaynes  and  Woodside  formations  occupy 
the  lower  parts  of  the  slopes,  with  Tertiary  conglomerate  above. 
The  dip  of  the  Thaynes  and  Woodside  beds  is  steeply  eastward. 
Their  west  boundary  is  doubtless  a  fault.  About  a  quarter  of  a 
mile  to  the  east  all  the  older  beds  are  concealed  by  Tertiary  con- 
glomerate, which  appears  to  occupy  the  outer  hills  and  the  lower 
slopes  of  the  higher  hills  to  the  east.  In  ascending  these  slopes  the 
first  rocks  of  the  older  series  encountered  were  limestones  lithologi- 
cally  resembling  some  members  of  the  Thaynes  and  Woodside  for- 
mations, but  possibly  older.  The  rock  is  much  brccciated  and  does 
not  show  fossils  or  bedding.  Float  on  the  hiU  above  seems  to  be  of 
Wells  age  or  older.  A  brecciated  ledge  lithologically  resembling  the 
upper  part  of  the  Wells  formation  comes  about  200  feet  beyond  the 
supposed  Thaynes  and  Woodside  formations,  and  about  the  same 
distance  eastward  is  a  clear  limestone  with  large  cup  corals,  Syringo- 
pora,  and  crinoid  stems,  apparently  part  of  the  Brazer  limestone. 
The  Phosphoria  formation  does  not  seem  to  be  represented  in  the 
section.  If  the  above  interpretations  are  correct  there  is  a  fault 
between  the  Thaynes  and  Woodside  and  the  Wells  and  probably  one 
also  between  the  Wells  and  the  Brazer.  About  half  a  mile  to  the  east, 
on  the  higher  slopes,  are  dark,  relatively  thin-bedded  limestones, 
containing  a  few  cup  corals  and  crinoid  stems  and  lithologically 
resembling  some  portions  of  the  Madison  limestone.  The  dips  here 
are  westerly  instead  of  easterly,  as  in  the  Brazer  beds  to  the  west. 
The  structural  relations  of  the  intervening  area  are  obscured  by 
vegetation  and  were  not  worked  out. 

WILLOW  CBEEK. 

At  the  mouth  of  Willow  Creek  a  pronounced  scarp  or  terrace  15 
or  20  feet  high  occurs  in  the  gravels,  as  on  a  number  of  creeks  to  the 
south.     Parts  of  this  terrace  are  underlain  by  ledges  of  Nugget  sand- 
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stone  with  low  easterly  dips,  and  up  the  hillside  1,000  feet  or  more 
to  the  east  are  massive  ledges  of  the  upper  part  of  the  Wells  forma- 
tion. A  fault  doubtless  intervenes  between  the  two  formations,  but 
its  position  is  concealed  by  the  surface  cover.  A  little  less  than 
half  a  mile  up  the  canyon  the  Phosphoria  formation  is  exposed.  The 
Thaynes  limestone  was  not  recognized  in  the  section,  though  it  may 
be  present.  The  Woodside  shale  is  cut  off  by  a  fault  on  the  east 
which  brings  in  the  Madison  limestone.  This  fault  is  tentatively 
regarded  as  normal,  with  downthrow  on  the  west.  The  Madison 
limestone  dips  steeply  east  and  is  in  turn  cut  by  a  supposed  normal 
fault  that  brings  in  the  Wells  formation.  Only  a  part  of  the  Wells 
with  the  succeeding  Phosphoria  formation  is  present.  A  fault  at 
the  horizon  of  the  Phosphoria  cuts  out  much  of  that  formation. 
The  nature  of  this  fault  was  not  determined,  but  it  is  tentatively 
i*egarded  as  normal  because  of  the  steep  inclination  of  the  formations 
involved.  Structure  section  D-D',  Plate  XII,  shows  the  observed 
and  interpreted  structural  features  of  the  traversed  portion  of  the 
Willow  Creek  section. 

The  trail  from  Willow  Creek  to  McDougals  Pass  lies  wholly  within 
post-Phosphoria  rocks  ranging  from  the  Woodside  shale  to  the 
Nugget  sandstone.  A  specially  fine  section  from  the  Nugget  down 
to  the  phosphate  shales  is  exposed  along  the  Willow  Creek  trail 
between  a  point  about  a  mile  below  the  pass  and  the  pass. 

The  pass  itself  is  occupied  by  the  phosphate  shales,  which  here 
cross  the  divide  from  the  southeast  and  descend  to  the  head  of  Straw- 
berry Creek.  They  also  turn  back  north  of  the  pass  on  the  east  side 
of  the  divide  for  at  least  a  short  distance.  The  dip  of  the  rocks  at 
the  pass  is  westerly,  while  farther  west,  half  a  mile  or  more  beyond 
the  point  where  the  trail  leaves  the  main  canyon  of  Willow  Creek, 
there  is  a  smooth  dip  slope  in  the  eastward-dipping  beds  of  the 
Woodside  shale.  Thus  it  seems  that  the  structure  west  of  the  divide 
is  synclinal,  whereas  an  anticlinal  axis  probably  lies  at  the  head  of 
Bear  Creek  east  of  the  divide.  According  to  Peale,*  this  anticline 
is  sharp  and  probably  is  complicated  by  a  fault  which  he  thinks  may 
be  continued  down  the  head  of  Glacier  (now  called  Strawberry) 
Creek. 

DBY  CBEEK  (T.  33  N.,  H.  118  W.). 

At  the  mouth  of  the  Northern  Dry  Canyon  heavy  limestones  of 
the  Wells  formation  occur  in  an  anticline  that  is  steep  sided,  slightly 
inclined  eastward,  and  faulted  on  the  east  limb.  The  Madison  lime- 
stone, which  lies  east  of  the  fault,  is  also  steeply  folded  in  an  anti- 
cline. This  rock  in  turn  appears  to  be  cut  by  a  fault  on  the  east, 
which  brings  in  a  narrow  strip  of  the  Brazer  limestone,  followed  on 

1  Peale,  A.  C,  U.  S.  Geol.  and  Oeog.  Survey  Terr.  Kept  for  1877,  pp.  546-547,  1879. 
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the  east  by  the  Wells  formation,  both  with  steep  easterly  dips.  The 
Wells  is  faulted  on  the  east  against  the  Woodside  shale,  which  here 
consists  of  about  200  feet  of  deep-red  and  gray  shales  with  shaly 
sandstone.  The  Woodside  beds  have  a  synclinal  structure,  the  axis 
running  about  along  the  hn4  of  the  gulch  to  the  north.  Phosphate 
float  was  found  along  the  west  side  of  this  gulch  about  half  a  mile 
north  of  its  mouth.  Float  pieces  of  the  Meekoceras-bearing  rock 
occur  nearly  half  a  mile  east  of  the  northeast  comer  of  unsurveyed 
sec.  6,  T.  33  N.,  R.  117  W.  The  general  structural  features  of  the 
Dry  Creek  section  as  above  interpreted  are  shown  in  structure  sec- 
tion li-E',  Plate  XII.  Post-Phosphoria  rocks  appear  to  continue 
from  the  Meekoceras  zone  up  to  McDougals  Pass.  The  above-men- 
tioned fault  between  the  Wells  and  the  Woodside  is  tentatively  con- 
sidered the  northward  continuation  of  the  similarly  located  f  aidt  in 
Willow  Creek  Canyon  near  the  east  boundary  of  T.  33  N.,  R.  118  W. 
In  each  locality  post-Phosphoria  rocks  lie  to  the  east  and  pre- 
phosphate  rocks  to  the  west  of  the  f  itult,  while  the  structure  east  of 
the  fault  appears  to  be  sjrnclinal. 

STBAWBEKBT  CBEEK. 

No  traverse  was  made  in  Strawberry  Canyon,  but  a  reconnaissance 
trip  was  made  from  McDougals  Pass  down  this  canyon  to  Bedford. 

The  position  of  the  fault  thought  by  Peale  to  occur  at  the  head 
of  Strawberry  Creek  was  not  determined.  The  headwater  region 
of  the  creek  is  a  broadly  opened  trough  that  appears  to  lie  in  a  syn- 
cline  pitching  gently  to  the  south.  Dip  slopes  occur  on  both  sides 
of  the  creek,  but  the  formations  involved  were  not  examined  at  close 
range.  The  phosphate  shales  continue  down  the  west  side  of  the 
canyon  for  1^  or  2  miles  to  a  point  where  they  cross  the  creek  and 
ascend  the  east  side  of  the  valley.  They  form  a  noticeable  black 
soil  in  the  creek  bank  and  on  the  adjacent  slopes  at  the  point  of 
crossing.  Below  the  point  of  crossing  the  rocks  in  Strawberry 
Creek  are  all  older  than  the  Phosphoria,  and  the  canyon  becomes 
rougher  and  more  timbered.  The  course  of  the  creek  to  the  bend, 
where  the  creek  turns  west,  appears  to  continue  in  the  syncline,  with 
the  Wells  formation  at  the  core.  The  structure  of  the  axial  region 
where  exposed  in  the  hills  north  of  the  bend  in  the  creek  is  complex, 
and  there  is  some  evidence  of  overturning  toward  the  east.  West 
of  the  bend  the  rocks  range  in  age  from  Wells  to  Madison  and  the 
structure  is  apparently  broadly  anticlinorial.  Peale  ^  recognized 
two  anticlines  and  an  intervening  syncline  in  this  part  of  the  canyon. 
The  western  anticline,  he  stated,  is  sharper  than  that  to  the  east,  and 
the  western  members  of  it  pass  under  the  valley  of  Salt  River. 

»  Peale,  A.  C,  op.  cit.,  pp.  540-548. 
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The  Phosphoria  formation  does  not  extend  as  far  north  as  Straw- 
berry Creek  west  of  the  great  bend.  It  may  turn  back  along  the 
anticline  or  perhaps  be  faulted  out.  The  geology  north  of  Straw- 
berry Creek  is  not  well  known,  but  it  seems  probable  that  the  rocks 
will  prove  to  be  pre-Phosphoria.  Peale  reports  that  nothing  younger 
than  Carboniferous  appears  north  of  the  creek,  at  least  as  far  north 
as  his  station  57  (8  miles  north). 

On  the  occasion  of  Peale's  visit  to  this  region,  in  July,  1877,  the 
head  of  Strawberry  Creek  was  filled  with  a  huge  snow  bank,  remind- 
ing him  of  a  glacier,  which  extended  for  several  miles  down  the 
gorge.  On  its  surface  were  rocks  and  earth,  and  at  the  bottom  a 
mass  of  detrital  matter  resembling  a  small  terminal  moraine.  Doubt- 
less this  occurrence  suggested  the  name  Glacier  Creek  used  in  his 
report,  though  this  name  is  not  now  in  use.  He  expressed  doubts 
as  to  the  glacial  character  of  the  snow  bank.  On  the  occasion  of  the 
writer's  visit,  October  1,  1914,  there  was  no  snow  in  the  canyon, 
although  a  snowstorm  occurred  two  days  later.  The  accumulation 
of  debris  noted  by  Peale  was  observed.  This  and  the  troughlike 
character  of  the  upper  valley  from  a  point  perhaps  a  mile  below 
the  great  bend  indicate  the  probability  of  glaciation  within  compara- 
tively recent  geologic  time,  if  not  actually  at  the  time  of  Peale's 
visit. 

West  of  the  mouth  of  Strawberry  Canyon  limestones  of  probable 
Madison  age  crop  out  in  a  few  low  knolls  along  the  base  of  the  range. 
The  westernmost  exposure  of  these  rocks  observed  was  in  the  north- 
east corner  of  sec.  28,  T.  34  N.,  R.  118  W.  Other  outlying  knolls 
and  part  of  the  lower  foot  slopes  of  the  range  are  covered  by  Tertiary 
conglomerates.  The  bottom  lands  are  covered  with  alluvial  deposits, 
which,  from  indications  in  T.  33  N.,  R.  118  W.,  may  be  underlain  in 
part  by  Nugget  or  Twin  Creek  beds.  Between  these  and  the  older 
Carboniferous  rocks  to  the  east  there  is  probably  a  concealed  fault. 
The  position  of  the  supposed  fault  is  not  known,  but  if  present  the 
fault  must  lie  west  of  the  northwest  comer  of  sec  28,  T.  34  N., 
R.  118  W. 


CASSFTERITE  IN  SAN  DIEGO  COUNTY,  CALIFORNIA. 
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Bj^WALDmiAR  T.   SCHAJLLER. 


A  small  handful  of  cassiterite  crystals  was  found  in  the  northern 
part  of  San  Di^o  County,  Cal.  (fig.  22),  in  the  spring  of  1915,  and  the 
locality  was  visited  by  the  writer  in  July,  in  order  to  see  if  it  offered 
any  hope  of  finding  cassiterite  in  quantity.  Mr.  Roy  Carson  was 
kind  enough  to  act  as  guide,  and  the  writer  wishes  to  thank  him  for 
his  many  courtesies.     The  locality  lies  in  an  arid  region,  best  reached 
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Figure  22.— Index  map  showing  position  of  cassiterite  locality  in  San  Diego  County,  Cal.  The  rectangle 
indicates  the  gem  tourmaline  field  of  southern  Ci^ifomia,  throughout  which  are  found  pegmatite  dikes 
similar  to  the  one  described  in  this  paper. 

by  horseback  from  Oak  Grove,  although  a  wagon  road,  now  in  bad 
condition,  leads  from  Oak  Grove  to  a  point  within  a  mile  of  it.  The 
present  owners  of  the  claims  (Messrs.  Roy  Carson,  E.  L.  Haney, 
and  D.  H.  A.  Fiske,  of  Pasadena),  expect  to  do  further  development 
work  in  1916. 

The  original  .material,  extracted  from  a  single  pocket  in  aflat-lying 
pegmatite  dike,^  is  all  the  cassiterite  so  far  obtained,  and  an  examina- 
tion of  the  locality  has  failed  to  offer  any  hope  of  finding  more  in 
large  quantities.  The  deposit  illustrates  well  the  irregular  way  in 
which  the  rarer  minerals  occur  in  the  granitic  pegmatites  of  southern 
California. 


>  The  term  dike  as  used  in  this  paper  carries  no  implication  as  to  dip,  which  may  be  more  nearly  hori- 
zontal than  vertical. 
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Although  the  present  developments  have  been  disappointing,  the 
cassiterite  fouad  exceeds  in  quantity  all  the  occurrences  of  tin  ore 
in  place  previously  known  in  San  Diego  County.  These  are  as  fol- 
lows: F.  J.  H.  Merrill  ^  has  stated  that  small  grains  of  cassiterite 
have  been  obtained  by  placer  miners  from  the  black  sand  of  the 
mountain  gulches,  chiefly  from  the  east  slope  of  Laguna  Mountain, 
in  the  southern  part  of  the  county.  Additional  reported  occurrences 
are  in  Pine  Valley;  on  the  south  end  of  Viejas  Mountain,  east  of 
Alpine;  and  in  the  Defiance  copper  district,  north  of  the  Santa  Mar- 
garita grant.  The  writer '  has  described  small  black  crystals  of  cas- 
siterite, a  few  millimeters  thick,  associated  with  albite,  quartz,  stibio- 
tantalite,  and  green  and  pink  tourmalines,  obtained  from  the  gem 
pegmatite  dike  at  the  Himalaya  mine,  Mesa  Grande,  and  with 
topaz  from  the  Little  Three  gem  mine,  Ramona.  The  original  San 
Di^o  County  included  the  tin  mines  at  Temescal,  now  in  Riverside 
County. 

The  pegmatite  dike  which  yielded  the  cassiterite  crops  out  on  the 
cast  side  of  Chihuahua  Valley,  about  2  miles  south  of  the  boundary 
line  between  Riverside  and  Saji  Diego  coimties  and  about  10  miles 
east  of  Oak  Grove,  in  the  SW.  {  sec.  12,  R.  3  E.,  T.  9  S.,  San  Ber- 
nardino meridian.  Three  claims,  the  San  Diego,  Panama,  and  Expo- 
sition, cover  the  outcrop  of  the  dike.  There  are  at  least  two  other 
parallel  dikes  oa  the  claims  which  have  not  yet  been  developed.  The 
place  was  discovered  and  located  in  1905  by  Mr.  Bert  Sinunons,  of 
Oak  Grove.  The  claim,  then  called  the  Blue  Tourmaline,  was 
worked  extensively  in  1906,  by  open  cuts  and  several  short  tunnels, 
the  main  object  of  search  being  gem  toiumaline. 

The  coxmtry  rock  of  the  region  is  granitic  and  belongs  to  the  group 
intermediate  between  granite  and  diorite.  The  specimens  collected 
contain  quartz,  orthoclase,  plagioclase,  biotite,  and  hornblende,  and 
pending  further  study  may  be  termed  grajCiodiorite.  Many  of  the 
hornblende  and  biotite  crystals  are  from  0.5  to  1  centimeter  across. 

A  system  of  parallel  faults,  of  which  the  major  ones  are  over  60 
miles  in  length,  cut  across  the  coxmtry  in  a  northwesterly  direction 
(about  N.  40*^-50®  W.),  and  the  locality  described  lies  about  halfway 
between  two  of  these  larger  faults.  It  is  probable  that  other  as  yet 
undetermined  dislocations  he  between  the  two  mentioned.  A 
northwest  fault  line  probably  determines  the  east  side  of  Chihuahua 
Valley,  and  the  dike  containing  the  cassiterite  occurs  less  than  a  mile 
east  of  this  supposed  fault  hne.  Numerous  pegmatite  dikes,  striking 
parallel  to  the  fault  lines,  crop  out  on  the  east  side  of  Chihuahua 
Valley. 

>  Merrill,  F.  J.  H.,  Geology  and  mineral  resources  of  San  Piego  and  Imperial  Counties:  California  State 
Mineralogist's  Rept.,  1913-14,  p.  39, 1914. 

«  Schaller,  W.  T.,  The  gem  tourmaline  liel«i  (*(  soiilhem  (alifomia:  I*.  S.  Geol.  Survey  IVof.  Paper  92 
(In  preparation). 
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The  western  fault  of  the  two  mentioned  determines  the  east  side  of 
Smiths  Mountain,  and  extends  from  a  point  north  of  Aguanga,  in 
Riverside  Coimty,  southeastward  through  Oak  Grove,  Puerta  Cruz, 
and  Warners  Hot  Springs  (Agua  Caliente),  probably  forming  the 
east  side  of  the  valley  occupied  by  Warner's  ranch.  The  eastern 
fault  line,  whose  exact  location  is  not  known,  passes  through  San 
Jacinto  and  Hemet,  skirting  the  west  and  southwest  edge  of  the  San 
Jacinto  Mountains,  and  through  the  Coahuila  Valley  and  Coyote 
Canyon. 

The  remarkable  parallelism  of  strike  of  nearly  all  the  pegmatite 
dikes  of  this  region  with  the  larger  fault  lines  is  very  suggestive  of  a 
possible  genetic  relation.  Similar  pegmatite  dikes  occur  at  Pala, 
and  a  detailed  study  of  this  locality  has  indicated  that  the  fissures  now 
filled  with  pegmatite  are  part  of  a  large  system  of  dislocations  prom- 
inently developed  in  San  Diego  County. 

The  exposed  length  of  the  pegmatite  dike  in  which  the  cassiterite 
was  found  is  nearly  half  a  mile,  and  the  thickness  from  6  to  8  feet. 
The  pegmatite  rock  is  more  resistant  to  erosion  than  the  granodio- 
rite  coxmtry  rock,  sjxd  the  dike  therefore  projects  sUghtly  above  the 
groujid.  It  strikes  about  N.  35°  W.  At  the  north  end  of  the  claims 
the  natural  exposure  of  the  dike  seems  to  show  it  dipping  slightly 
toward  the  northeast;  at  other  places  it  lies  almost  horizontal,  and 
at  still  other  places  a  shght  but  decided  dip  toward  the  southwest  is 
observable. 

The  pegmatite  dike  is  of  the  type  of  the  compound,  unsymmetrical 
dikes  whose  different  parts  are  thought  to  be  due  to  differentiation 
processes  rather  than  to  multiple  injections  of  material  mto  reopened 
fissures. 

The  upper  portion  of  the  dike  C'top  rock"),  from  2  to  3  feet  thick, 
is  a  mixture  of  a  coarse  granular  aggregate  of  quartz  and  feldspar 
with  coarse  graphic  granite,  in  both  of  which  occur  biotite,  musco- 
vite,  and  black  tourmaline.  At  one  place  a  horizontal  layer  of 
graphic  granite  4  mches  thick  was  seen  in  the  granular  aggregate. 

The  lower  portion  of  the  dike  C^ bottom  rock'')?  about  3  feet  thick, 
is  a  finer-grained  granular  quartz-albite  rock  with  numerous  wavy 
bands  of  garnets,  which  m  their  general  trend  lie  horizontal,  being 
parallel  to  the  dip  of  the  dike. 

The  middle  part,  between  the  top  rock  and  bottom  rock,  is  called 
the  pay  streak  by  the  miners,  for  it  is  in  this  part  that  the  minerals 
of  value  are  foimd.  The  pay  streak  ranges  from  1  foot  to  3  feet  in 
thickness  and  is  the  coarsest  part  of  the  entire  dike.  In  it  occur 
numerous  cavities  or  pockets  which  yield  an  abundance  of  large  aoad 
well-crystaUized  minerals — quartz,  feldspars,  and  micas — as  well  as 
other  minerals  found  only  m  this  part  of  the  dike,  such  as  lepidolite, 
transparent    blue    tourmalines,    cassiterite,    and    columbite.     The 
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pocket  from  which  the  cassiterite  was  obtamed  lies  just  above  the 
banded  bottom  rock  aad  h  about  a  foot  high  and  3  feet  wide.  The 
irr^ular  masses  and  imperfect  crystals  of  cassiterite  were  found  in 
one  side  of  the  pocket  in  a  mass  of  partly  broken,  cleaved,  and  loose 
orthoclase,  directly  associated  willi  albite.  The  loose  crystals  of 
cassiterite  contain  partly  embedded  tabular  albite  crystals.  About 
a  hatful  of  small  blue  tourmalmes  was  also  obtained  from  this  pocket. 
In  a  similar  pocket,  about  25  feet  distant,  a  few  crystals  of  columbite 
were  found. 
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